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Summary 
 Antimicrobial resistance (AMR) poses a profound threat to human and animal 
health. More research has focused on drivers of inappropriate antimicrobial prescribing 
and usage in human medicine than in veterinary medicine. This thesis helps address this 
gap by exploring antimicrobial stewardship in UK livestock farming. It consists of six 
empirical studies and uses a mixed-method approach.  
Three qualitative studies explored farm vets’ and farmers’ beliefs about AMR 
and about antimicrobial prescribing, usage, and stewardship. Study One used 
qualitative interviews with farm vets (n = 13); results indicated vets understand their 
stewardship responsibilities but feel they cannot always prescribe in line with 
stewardship ideals due to contextual factors. Study Two used qualitative interviews 
with farmers (n = 12); results indicated farmers want to be antimicrobial stewards, but 
they feel constrained from making changes by external forces. Study Three used a 
secondary analysis of the combined datasets from Studies One and Two (n = 25) and 
identified that vets and farmers share a sense of ambivalence towards stewardship; they 
take some ownership for stewardship, but also engage in other-blaming for AMR.  
Three quantitative studies further explored the qualitative findings. Study Four 
used vignettes with farm vets (n = 16) to compare ‘ideal’ and ‘real-world’ prescribing 
and identify a clinical scenario for use in Study Five. Results showed antimicrobial 
prescribing was higher in ‘real-world’ than ‘ideal’ situations. Study Five used an 
experimental vignette and cross-sectional design with farm vets (n = 97) to assess the 
effects of context, values, and beliefs on vets’ prescribing. Results indicated context 
(vet-farmer relationship under pressure) and beliefs about responsibility for preventing 
AMR were associated with vets’ prescribing, but values and beliefs about causing 
AMR were not. Vets believed other groups had greater responsibility for causing and 
preventing AMR. Study Six used a cross-sectional survey to explore antimicrobial 
usage behaviours, knowledge, and beliefs about responsibility for AMR in vet students 
(n = 573). Results indicated vet students’ behaviours were responsible, knowledge 
about AMR was moderate to good, and they believed vets have less responsibility than 
other groups for causing or preventing AMR. 
Findings are discussed in terms of two key themes; ‘Psychological distancing: a 
barrier to stewardship’ and ‘Positive interactions: facilitating stewardship’. Findings are 
considered from a social ecological perspective, highlighting the need for stewardship 
interventions at multiple levels, and from a social identity perspective, highlighting the 
importance of emphasising a common goal of stewardship, to reduce psychological 
distancing and increase positive interactions between individuals and groups. 
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Chapter One  
Introduction and Literature Review 
 
Antimicrobial resistance (AMR) occurs when a microorganism develops or 
acquires resistance to antimicrobial compounds that can kill the microorganism or 
restrict its growth. Infections caused by antimicrobial resistant microorganisms are 
harder, or even impossible, to treat with antimicrobials than infections caused by 
antimicrobial susceptible microorganisms (van Hecke, Wang, Lee, Roberts, & Butler, 
2017; World Health Organisation (WHO), 2019c; Xu, Sun, & Ma, 2017). As such, 
AMR has been recognised as posing a profound threat to human and animal health 
(WHO, 2015). Antimicrobials are used in both human and veterinary medicine, so 
tackling AMR will require action across both domains. Therefore, a One Health 
approach has been adopted for this thesis; although the empirical work presented in 
Chapters Two to Seven is focused on veterinary medicine, the thesis is also informed 
by insights from human medicine.  
This chapter will first discuss what AMR is and the potential threats from 
AMR (section 1.1), as well as some of the high-level drivers of AMR globally 
(section 1.2). This is followed by a discussion of antimicrobial stewardship as it 
relates to the reduction of inappropriate prescribing and usage (section 1.3). Next, 
different theoretical frameworks that can be used to understand stewardship 
behaviours are discussed (section 1.4), followed by an overview of the some of the 
prescribing and usage patterns of antimicrobials in both human and veterinary 
medicine (section 1.5). This chapter then presents a review of the empirical literature 
that has explored the drivers of prescribing and usage behaviours in both human and 
veterinary medicine. Following a brief introduction to the empirical literature (section 
1.6), a review of these drivers in human medicine is presented in sections 1.7 and 1.8, 
followed by a more detailed review of prescribing and usage behaviours in veterinary 
medicine (sections 1.9 to 1.12). Finally, following a summary of the empirical review 
(section 1.13) the aims and structure of the thesis are presented (section 1.14).  
 
1.1 Antimicrobial Resistance 
AMR is a natural evolutionary phenomenon, but the prevalence of AMR 
amongst microorganisms has increased since antimicrobials were discovered by 
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humans and put to use in the treatment and prevention of infections (Schechner, 
Temkin, Harbarth, Carmeli, & Schwaber, 2013; Wright, 2007). This section will 
outline what AMR is, how AMR spreads, and why AMR is an issue for both human 
and veterinary medicine.  
1.1.1 Antimicrobials. Antimicrobial compounds (antimicrobials) are 
chemicals that either kill or inhibit the growth of microorganisms. Microorganisms 
naturally produce antimicrobials as offensive or defensive mechanisms against other 
microorganisms. Antimicrobials are also used by humans as chemotherapy to treat 
infections in humans, animals, and plants or as prophylaxis to prevent infections. 
Most antimicrobial drugs used in medicine are synthetic compounds, although some 
drugs are derived from natural antimicrobials.  
Antimicrobial is an umbrella term that covers all compounds that act against 
microorganisms, whereas specific terms refer to compounds that affect specific 
microorganisms: antibacterials target bacteria, antivirals target viruses, antifungals 
target fungi, and so on. The term antibiotic was originally used to refer to the natural 
antibacterial compounds produced by microorganisms, with the term antibacterial 
referring to both natural antibiotic compounds as well as synthetic antibacterial 
compounds. In everyday communications, however, all drugs that target bacterial 
infections are commonly referred to by medics, veterinarians (vets), and the public as 
antibiotics. Indeed, antibiotic resistance (ABR) is the primary focus in public 
discourse, and AMR is sometimes used interchangeably with ABR in common 
parlance (Wallinga, Rayner, & Lang, 2015). In this thesis, however, the broader terms 
antimicrobials and antimicrobial resistance are used, except where it is pertinent to the 
discussion or the study materials to highlight a specific type of antimicrobial (e.g. 
antibacterials, anthelmintics). When referring to drugs used against bacteria, the term 
antibiotics is used, even though many of these drugs are technically antibacterials, as 
antibiotics is the term more commonly used both in everyday conversations and in the 
research literature about AMR. The terms antibiotics and antibiotic resistance were 
used in the materials for the empirical work conducted for this thesis as antibiotics are 
a very commonly prescribed group of antimicrobial medicines and because non-
prescribers have a better understanding of the term antibiotics than of antimicrobials.  
1.1.2 The development and spread of AMR. AMR occurs when a 
microorganism develops or acquires resistance to antimicrobial compounds that can 
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kill the organism or restrict its growth. Infections caused by microorganisms that are 
resistant to antimicrobials are harder and more costly to treat (van Hecke et al., 2017; 
WHO, 2019c; Xu et al., 2017; Zhen, Stålsby Lundborg, Sun, Hu, & Dong, 2019). 
Genes that confer resistance can occur through spontaneous mutations or they can be 
acquired from other microorganisms (Food and Agriculture Organisation of the 
United Nations (FAO), 2016; Wright, 2007). Antimicrobials act as selective pressure; 
in the presence of a specific antimicrobial (natural or synthetic), microorganisms that 
are susceptible to the antimicrobial will be killed or be prevented from growing 
(reproducing), whilst microorganisms that are resistant survive and pass on their 
resistance genes to their offspring (referred to as vertical gene transfer). In the 
absence of an antimicrobial susceptible population, resistant microorganisms are able 
to take full advantage of their environment (food and other resources) and reproduce, 
resulting in a microbial population with an increased prevalence of resistance genes 
(FAO, 2016). Some microorganisms can also exchange resistance genes with each 
other, for example, via the transfer of plasmids, which are mobile organelles that 
carry genetic material (referred to as horizontal gene transfer). In some instances, 
plasmids can be exchanged between different species of microorganisms, as well as 
within the same species (FAO, 2016; Pendleton, Gorman, & Gilmore, 2013). 
Additionally, resistance genes tend to cluster on plasmids, meaning that over time, 
microorganisms can acquire multiple resistance genes, conferring resistance to more 
than one type of antimicrobial (FAO, 2016; Wright, 2007). Thus, resistance genes can 
be spread both horizontally and vertically, within and between microbial generations 
(FAO, 2016). The development and spread of AMR genes in the microbial population 
(the microbiome) is therefore a continual evolutionary process, driven by exposure to 
antimicrobials produced by other microorganisms or exposure to antimicrobial drugs 
used in human and veterinary medicine. 
Tracking the emergence and spread of specific AMR genes is, however, 
complicated (Schechner et al., 2013; Wright, 2007). Microorganisms live on and 
within humans and other animals, and they are also found in the environment. The 
vast majority of microorganisms do not cause disease in their hosts; these 
microorganisms are known as commensals, and their presence is usually neutral or 
useful to the host, rather than harmful. Whether a microorganism is useful or harmful 
partially depends on where it is found; for example, Staphylococcus aureus is a 
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commensal bacterium when found on the skin but is pathogenic if it gets into the 
bloodstream (Pendleton et al., 2013). Other microorganisms can be considered 
commensal or pathogenic within the same environment, dependent upon 
circumstances; Clostridium difficile (C. difficile) can be present as a commensal in the 
gastrointestinal tracts of humans, but if the balance of the gastrointestinal tract 
microbiome is altered through the ingestion of antimicrobials, C. difficile can become 
pathogenic (Vardakas, Trigkidis, Boukouvala, & Falagas, 2016). While some 
microorganisms are specific to one species or environment, others are less niche and 
can live across multiple host species and across different environments. Bacteria such 
as Escherichia coli (E. coli) or Enterococcus spp., for example, can survive in the 
gastrointestinal tracts of both humans and animals, and can also survive externally in 
the environment (Huijbers et al., 2015; Singer, Shaw, Rhodes, & Hart, 2016). The 
movement of microorganisms between hosts and environments, coupled with the 
multiple ways they can share genetic material, means identifying the origin of an 
AMR gene is highly challenging (Schechner et al., 2013; Wright, 2007). 
There is, therefore, some controversy over the extent to which AMR genes 
mix and move between human and animal bacterial populations (Chang, Wang, 
Regev-Yochay, Lipsitch, & Hanage, 2015; FAO, 2016). There is a general feeling 
that much of the AMR in human bacterial populations has been driven by 
antimicrobial usage in humans, and the AMR in animal bacterial populations has been 
driven by antimicrobial usage in animals (Chang et al., 2015; FAO, 2016). It is, 
however, difficult to make definitive claims around this, as there are significant data 
gaps about the emergence and spread of the vast majority of AMR genes (FAO, 2016; 
Wright, 2007). Nonetheless, it is possible that resistance that originates in an animal 
context can theoretically be transmitted to a human context, or vice versa (FAO, 
2016), and there is evidence of transmission of resistant microorganisms in both 
directions (European Centre for Disease Prevention and Control (ECDC), European 
Food Safety Authority (EFSA), & European Medicines Agency (EMA), 2017; 
Knetsch et al., 2018; Koop, 2016).  
Transmission of microorganisms from animals to humans primarily occurs 
through direct contact with animals and their environment, or through poor hygiene in 
the food chain (Chang et al., 2015; FAO, 2016; Marus, Magee, Manikonda, & 
Nichols, 2019). For example, bacteria such as E. Coli, Salmonella spp., or 
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Campylobacter spp. naturally live in the gastrointestinal tracts of common livestock 
animals. These bacteria are generally harmless to those animals but are potentially 
pathogenic to humans. If humans eat livestock produce that has not been sufficiently 
cooked, and they ingest these bacteria, even if disease does not develop, the bacteria 
can transfer their resistance genes to other bacteria in the human gastrointestinal tract 
(or acquire resistance genes from commensal bacteria). In countries where agriculture 
is industrialised, contact between humans and farm animals is relatively limited, but 
in many countries close and frequent contact between humans and farm animals is 
much more common (FAO, 2016; Roess et al., 2015). In many countries, there is also 
regular and close contact between humans and companion animals, and it has been 
demonstrated that there can be commonality in the microbiomes of pets and their 
owners (van Balen, Landers, Nutt, Dent, & Hoet, 2017). All of these interactions 
between humans and animals increase the risk of transmission of AMR genes and 
resistant microorganisms.  
1.1.3 AMR is a global, One Health problem. AMR has been described as a 
profound health threat to society (WHO, 2015) and is a problem for the entire planet. 
Drug-resistant infections are associated with higher rates of mortality and morbidity 
(van Hecke et al., 2017; WHO, 2019c; Xu et al., 2017) and generally take longer and 
cost more to treat than drug-sensitive infections (Naylor et al., 2018; Zhen et al., 
2019). Microorganisms do not respect international boundaries; in a globalised world, 
infectious disease can transmit between countries and continents very quickly 
(Barlam & Gupta, 2015) and international trade and travel facilitates the spread of 
AMR genes (Barlam & Gupta, 2015; FAO, 2016; Leangapichart et al., 2016). For 
example, resistance genes first identified in a human patient in Sweden in 2008, 
believed to have been acquired during hospital treatment in India (Barlam & Gupta, 
2015), have since been identified in human and animal bacterial populations across 
the globe (Barlam & Gupta, 2015; Guerra, Fischer, & Helmuth, 2014).  
The potential threat to society from AMR is large. It has been estimated that if 
AMR continues to increase as predicted, ten million people worldwide could die each 
year from drug-resistant infections, more than currently die each year from cancer 
(Review on AMR, 2014), although these projections are not without critique, given 
the substantial data gaps in surveillance around AMR and mortality from drug-
resistant infections (de Kraker, Stewardson, & Harbarth, 2016). Modern medicine 
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relies upon the availability of effective antimicrobials to treat infections, but also to 
support other medical interventions, such as chemotherapy, organ transplantation, and 
surgery (WHO, 2015). In the absence of effective antimicrobials, the number of 
people living with illness or disability will increase as the risks of such interventions 
begin to outweigh the potential benefits (Review on AMR, 2014) and animal welfare 
and food production will also be impacted by AMR (Bengtsson & Greko, 2014; 
World Organisation for Animal Health (OIE), 2016). As well as the health risks, there 
will be economic consequences from increasing AMR; in addition to the increased 
costs of healthcare from drug-resistant infections (Naylor et al., 2018; Zhen et al., 
2019), there will also be impacts on the workforce, as people drop out due to their 
own illness or to care for others, as well as impacts upon global trade and global gross 
domestic product (Review on AMR, 2014; World Bank, 2017). Furthermore, as the 
global climate changes and average global temperatures increase, there is likely to be 
an increasing disease burden from infectious microorganisms (McMahon, Morand, & 
Gray, 2018; WHO, 2003). Other human activity, such as deforestation and 
intensification of agriculture also increases the risk of human infection from zoonotic 
disease (McMahon et al., 2018). 
 AMR is not, however, just a future threat. The global burden of drug-resistant 
infections is hard to estimate due to a lack of data, but each year drug-resistant 
infections already kill approximately 25,000 people in Europe and approximately 
23,000 in the United States of America (USA; Laxminarayan et al., 2013). To take the 
example of tuberculosis (TB) in humans, which is globally the leading cause of death 
in humans from a single infectious agent, multidrug-resistant strains of TB (MDR-
TB) represented 3.4% of new cases, and 18% of previously treated cases, identified in 
2018 (WHO, 2019c). Worryingly, there are also growing numbers of extensively 
drug-resistant cases of TB (XDR-TB); these cases are resistant to first-line 
antimicrobials and at least one second-line antimicrobial. Treatment success is around 
85% in cases of drug-susceptible TB, but only 56% for MDR-TB, and 39% for XDR-
TB (WHO, 2019c). In livestock, there is considerable resistance to anthelmintics 
(anti-parasitic drugs) amongst parasitic nematodes in sheep and cattle (Glover, 
Clarke, Nabb, & Schmidt, 2017; Sargison et al., 2007; Sutherland & Leathwick, 
2011). This is already posing a challenge to livestock industries in the United 
Kingdom (UK), with 65% of cattle and sheep farmers in the UK concerned about 
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anthelmintic resistance on their own farm (Easton, Pinchbeck, Bartley, Hodgkinson, 
& Matthews, 2018). 
Although AMR is a natural phenomenon, rates of resistance amongst 
microorganisms have been increasing since the discovery and commercialisation of 
antimicrobials (FAO, 2016; Ventola, 2015). Every time an antimicrobial is used, 
whether the use is necessary or not, there is a risk of new mutations arising. AMR is 
not just a problem for human medicine, however; just as there is commonality 
between humans and other animals in terms of the microorganisms that live on and 
within organisms, so there is commonality between the antimicrobials that are used 
for chemotherapy and prophylaxis in human and veterinary medicine (ECDC et al., 
2017). The WHO classifies antimicrobials according to their importance for human 
medicine, using two criteria: firstly, whether the antimicrobial class is the sole, or one 
of limited available therapies, to treat serious bacterial infections in people, and 
secondly, whether the antimicrobial class is used to treat infections in people caused 
either by bacteria that may be transmitted to humans from non-human sources, or by 
bacteria that may acquire resistance genes from non-human sources (WHO, 2019b). 
Antimicrobials that meet both of these criteria are classified as critically important 
antimicrobials (CIAs) and should ideally only be used as a last resort, for example 
when diagnostic tests have demonstrated the pathogen is resistant to all other 
antimicrobial options. 
Quantifying antimicrobial usage by sector is not straightforward as many 
countries do not have adequate monitoring and surveillance systems for usage, 
especially in veterinary medicine (FAO, 2016; Garcia-Migura, Hendriksen, Fraile, & 
Aarestrup, 2014; Grace, 2015; OIE, 2016). Estimates suggest though, that 
antimicrobial usage in animals represents a significant proportion of global 
antimicrobial usage (Review on AMR, 2015a; Singer et al., 2016). For example, 
across the 28 member states of the European Union (EU), 70% of total antimicrobial 
sales (by tonnage) in 2014 were for use in animals (ECDC et al., 2017) and in the 
USA, 72.5% of antibiotics used in 2012 were used in animals (Review on AMR, 
2015a). Data from developing countries are mostly lacking, although it is thought that 
usage in livestock exceeds usage in human medicine in many developing countries 
(Grace, 2015). Globally, the vast majority of veterinary antimicrobial usage is in 
agriculture (Review on AMR, 2015a). Antimicrobials are also used in aquaculture and 
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horticulture, although usage in horticulture is low relative to livestock farming and 
aquaculture (Review on AMR, 2015a). In aquaculture, antimicrobials are commonly 
added to feed or direct to the water, although there are significant gaps in data 
surrounding antimicrobial use in aquaculture (Henriksson et al., 2018).  
There is some controversy over whether antimicrobial use in animals 
represents much of a threat to human health (Chang et al., 2015; FAO, 2016; 
Wallinga & Burch, 2013), as it is often argued that AMR in human pathogens has 
been largely driven by antimicrobial use in human medicine (ECDC et al., 2017; 
FAO, 2016; Morris, Helliwell, & Raman, 2016). Nonetheless, the theoretical risk to 
humans from resistance genes that arise as a result of antimicrobial use in veterinary 
medicine is real, as is the risk to animals from antimicrobial use in humans (ECDC et 
al., 2017; FAO, 2016; Knetsch et al., 2018; Koop, 2016; WHO, 2019b). As 
highlighted in section 1.1.2, there is a risk that AMR genes can be transmitted 
between animal and human microbial populations. Excretion of unmetabolized 
antimicrobials into the environment by animals also increases the risk of AMR 
developing and persisting in environmental reservoirs (FAO, 2016; Review on AMR, 
2015a). Furthermore, drug-resistant infections in animals pose additional problems: 
firstly, threats to animal health and welfare (Review on AMR, 2015a), which should 
be concerning in and of itself, and secondly, potential threats to food security 
(Laxminarayan et al., 2013; Review on AMR, 2015a), if farmers and vets are unable 
to successfully control and treat disease in livestock.  
Action is therefore urgently needed within both human and veterinary 
medicine to protect the efficacy of these essential shared medicines and prevent ever-
increasing rates of AMR from the overuse and underuse of antimicrobials. Reducing 
the threat from AMR will require a truly joined-up approach, not only between 
different nations and regions of the world, but also between human and animal 
medicine (OIE, 2016; T. P. Robinson et al., 2016; WHO, 2015). The One Health 
approach to medicine and disease prevention recognises that humans and other 
animals share one global ecosystem (and in the case of AMR, one global microbiome) 
and posits that improving public, animal, and environmental health requires 
interdisciplinary collaboration to understand the complex relationships and 
interactions between humans, other animals, and the environment (Gibbs, 2014; T. P. 
Robinson et al., 2016). An example of how One Health has been defined comes from 
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the One Health Initiative: “The One Health concept is a worldwide strategy for 
expanding interdisciplinary collaborations and communications in all aspects of 
health care for humans, animals, and the environment” (One Health Initiative, 2019) 
There are, however, various definitions of One Health (Gibbs, 2014) and the 
One Health movement has been critiqued for a lack of clarity about exactly how a 
One Health approach should be operationalised (Gibbs, 2014). Nevertheless, there is 
general consensus about the importance of increased interdisciplinary collaboration 
and better integration of learning across human and veterinary medicine, as well as 
emphasis on the importance of the environment as a reservoir of disease and source of 
potential therapies (FAO, 2016; Gibbs, 2014; T. P. Robinson et al., 2016; Zinsstag, 
Meisser, Schelling, Bonfoh, & Tanner, 2012). Furthermore, there is evidence that the 
economic and social cost-benefit ratios of interventions can shift in favour of 
intervention when human and animal health are considered together (Zinsstag et al., 
2012). No specific definition of One Health has been adopted for this thesis, as many 
of the definitions are high-level and deliberately broad (Gibbs, 2014), but the thesis 
draws inspiration from the One Health approach by seeking to integrate findings 
about the drivers of inappropriate antimicrobial prescribing and usage from across 
both the human and veterinary medicine domains. Although the empirical work is 
focused on exploring antimicrobial prescribing and usage in livestock veterinary 
medicine, the wider discussions within the thesis also draw upon valuable insights 
from the extensive evidence base about the prescribing and usage of antimicrobials in 
human medicine, in order to support the conclusions drawn from the empirical work.  
1.1.4 Summary. AMR is a natural, evolutionary phenomenon, but rates of 
AMR are increasing, largely due to the widespread use of antimicrobials in humans 
and animals. There are threats to both public and animal health from increasing rates 
of AMR and tackling this problem will require action in both human and veterinary 
medical domains. There are, however, several high-level human-related drivers of 
AMR, each of which presents different opportunities for driving change; these will 
now be briefly considered in the next section.  
 
1.2 How Humans Contribute to AMR: Inappropriate Antimicrobial Usage  
AMR is at first glance a problem for microbiology; a problem that will be 
solved through the development of new antimicrobial drugs and perhaps faster 
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diagnostic tests. Antimicrobials are, however, technologies that are used by humans, 
and there are several aspects of human behaviour and human society that drive the 
overuse or underuse of antimicrobials (henceforth referred to as inappropriate use), 
which in turn drives increased rates of AMR. Even if new drugs are developed, 
resistance against these new drugs will not be minimised unless there are significant 
shifts in the behavioural and societal drivers of inappropriate antimicrobial usage. In 
this section, inappropriate usage is defined, followed by an overview of some key 
high-level drivers of inappropriate antimicrobial usage and the potential for 
psychology to contribute to tackling AMR.    
1.2.1 Defining inappropriate antimicrobial usage. Antimicrobials are 
crucial medicines, and in many cases their use is entirely necessary to treat or prevent 
an infection; such use is deemed appropriate and considered to be responsible usage. 
The appropriate (or responsible) use of antimicrobials has been defined as follows: 
That the appropriate drug be prescribed, that it be available at the right time 
at a price people can afford, that it be dispensed correctly, and that it be taken 
in the right dose at the right intervals and for the right length of time. The 
appropriate drug must be effective, and of acceptable quality and safety. 
(WHO, 1985, p. 78). 
There are, however, many instances when antimicrobials are overused or underused; 
in such instances, antimicrobial use is considered to be inappropriate. Examples of 
overuse could include the treatment of viral infections with antibiotics (which are 
ineffective against viruses) or when courses of antimicrobials are prescribed (or used 
as self-medication) for presentations for which there is no real clinical indication. 
Overuse issues are generally, although not always, associated with high-income 
countries (HICs) where there tends to be relatively good access to healthcare and 
antimicrobials and where the cost of access is not so prohibitive (Laxminarayan et al., 
2013). Examples of underuse could include not finishing a treatment course, the use 
of sub-therapeutic doses, or being unable to access the required antimicrobial therapy. 
Some underuse issues are more often associated with low- and middle-income 
countries (LMICs), where a lack of reliable or affordable access to adequate 
healthcare can be a barrier to appropriate treatment (Laxminarayan et al., 2013, 2016). 
Other underuse issues are a problem in both HICs and LMICs, such as not finishing 
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antimicrobial courses, or using sub-therapeutic doses of antimicrobials in livestock 
animals for growth promotion (FAO, 2016; Laxminarayan et al., 2016).   
Inappropriate use includes both overuse and underuse and can therefore be 
thought of as either 1) the use of antimicrobials in cases where their use is not 
justified on clinical grounds, or 2) cases where antimicrobial use is clinically justified, 
but the drugs themselves are not used correctly. Although AMR can be driven by both 
responsible and inappropriate use, it is the inappropriate use that needs to be tackled 
and reduced in order to reduce the threat to public and animal health from AMR. 
Overuse drives AMR by unnecessarily exposing the microbial population to the 
selection pressure of antimicrobials and reducing the drug-sensitive microbial 
population (Fishman, 2006; Wright, 2007). Underuse drives AMR by exposing the 
microbial population to antimicrobials in insufficient concentrations to kill them, 
thereby driving the development and spread of new resistance genes (FAO, 2016).  
1.2.2 High-level drivers of inappropriate antimicrobial usage. There are 
multiple high-level drivers of inappropriate use by humans, that each present 
opportunity for policy-level interventions. Some of these drivers are common across 
contexts, whilst others are more specific to different communities or countries, and to 
human or veterinary medicine. A brief overview of these drivers is now presented.  
1.2.2.1 Insufficient disease prevention measures. Demand for antimicrobials 
is driven by the burden of infectious disease. Controlling the emergence of disease 
and the spread of potentially pathogenic microorganisms is a central strategy to help 
control rates of AMR (Review on AMR, 2016a, 2016b; WHO, 2015); by reducing the 
incidence of infectious disease, demand for treatment with antimicrobials is reduced. 
The terms biosecurity and infection prevention and control refer to a broad set of 
measures that can prevent infections occurring and can control the spread of 
pathogenic microorganisms. Such measures include (but are not limited to) the use of 
personal protective equipment, the sterilisation of equipment and surfaces, the 
isolation of animals and humans carrying pathogens, screening for pathogens when 
animals or humans enter a defined space (e.g. farm, hospital), vaccination, good hand 
hygiene, control of fomites, and control of the movement of animals and humans. In 
this thesis, the term biosecurity will be used when referring to these measures within a 
veterinary medicine context, and the term infection prevention and control (IPC) will 
be used when referring to these measures within a human medicine context.  
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Reducing the disease burden from infectious pathogens will require co-
ordinated efforts, across both human and veterinary medicine, and will include 
improved IPC and biosecurity measures in communities and healthcare facilities, 
greater levels of vaccination, improved immune functioning in humans and other 
animals through reduced stress and improved nutrition, and improvements to housing 
and sanitation measures (Review on AMR, 2015a, 2016c, 2016a; WHO, 2015). 
Although some individuals can take limited steps to influence these factors, and they 
can be targeted through interventions aimed at preventing infections, co-ordinated 
national and international policy efforts are also required to drive significant changes 
in many of these areas (Review on AMR, 2016a; WHO, 2015).  
1.2.2.2 Inappropriate prescribing. The inappropriate prescribing of 
antimicrobials by human medics and vets also contributes to increases in AMR. Much 
of this inappropriate use is likely driven by clinical uncertainty surrounding causative 
pathogens and potential prognoses (Laxminarayan et al., 2013; Review on AMR, 
2015b; Tonkin-Crine, Yardley, & Little, 2011). Broad-spectrum antimicrobials, that 
act against a wider range of microorganisms than narrow-spectrum antimicrobials, are 
often prescribed ‘just in case’ by clinicians, and it is likely that a substantial 
proportion of these prescriptions are inappropriate (Dyar, Beović, Vlahović-Palčevski, 
Verheij, & Pulcini, 2016; Om, Daily, Vlieghe, McLaughlin, & McLaws, 2016; 
Review on AMR, 2015b). Reducing clinical uncertainty and inappropriate prescribing 
has not been helped by long-term under-funding in infectious diseases (Pendleton et 
al., 2013; Review on AMR, 2016b; WHO, 2015). Lack of investment by 
pharmaceutical companies and other agencies has been a barrier to the development 
of new antimicrobials, vaccines, and alternatives to antimicrobials, and has also been 
a barrier to the development of clinically useful rapid diagnostic tests (Review on 
AMR, 2015b, 2016c; WHO, 2015). Tackling issues of under-investment in new 
antimicrobials and vaccines will require co-ordinated global action to develop 
alternative incentive schemes for pharmaceutical companies (Review on AMR, 
2015d, 2016c; Selgelid, 2007). Reducing inappropriate prescribing can be supported 
through co-ordinated global policy targeted at governments and organisations 
(Behdinan, Hoffman, & Pearcey, 2015; WHO, 2019a), as well as by behaviour 
change interventions targeted at prescribers and other key stakeholders (Charani, 
Castro-Sánchez, & Holmes, 2014; Dyar et al., 2016).  
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1.2.2.3 Inadequate access to healthcare. In countries where people have to 
pay for access to healthcare professionals and for medical treatment, poverty can lead 
people to seek antimicrobial therapy without consulting an appropriately qualified 
medical prescriber. For example, there is evidence that people will share 
prescriptions, save part of a prescribed course for future illnesses, or access 
antimicrobials via community pharmacists or the internet without a prescription, both 
legally and illegally (Morgan, Okeke, Laxminarayan, Perencevich, & Weisenberg, 
2011; Review on AMR, 2015c; WHO, 2015). Self-medication with antimicrobials is 
common in many countries (Grigoryan et al., 2007; Lv et al., 2014). In some 
countries, even where antimicrobials have been prescribed by a qualified prescriber, 
there can be supply chain issues that mean patients cannot access full courses or the 
correct class of antimicrobial (Laxminarayan et al., 2013). Counterfeit drugs can also 
be a problem in some countries, as they may contain sub-therapeutic doses of active 
ingredients, which can be an additional risk factor in driving rates of AMR 
(Laxminarayan et al., 2013; Review on AMR, 2015c).  
Lack of access to affordable, appropriate, or adequate healthcare is also an 
issue for animals, as well as for humans. This lack of access to healthcare for animals 
can often result in under-treatment, inappropriate treatment, or less sophisticated 
treatment options, such as amputation for broken limbs or euthanasia for theoretically 
treatable conditions that are beyond the financial reach of animal owners. For 
example, beef farmers in Tennessee, USA, report just giving antimicrobials to cattle 
instead of paying for a veterinary consultation, and in some areas of the state farmers 
report that there are too few farm vets, making it harder to find a vet to help them treat 
their cattle (Ekakoro, Caldwell, Strand, & Okafor, 2019). Farmers in Sudan report 
variable quality in the antimicrobials that they purchase, and they also report ceasing 
antimicrobial courses early to help reduce costs of treatment (Eltayb, Barakat, 
Marrone, Shaddad, & Stålsby Lundborg, 2012). Dairy farmers in Sweden express 
regret that they sometimes have to shoot calves, rather than call out vets for treatment, 
as they feel that culling animals is sometimes the only economically viable option 
(Fischer, Sjöström, Stiernström, & Emanuelson, 2019). Finally, companion animal 
vets in the UK and the Netherlands report that their antimicrobial prescribing options 
are sometimes restricted by the products that are commonly stocked by their practice 
or wholesaler (Hopman et al., 2018; Mateus, Brodbelt, Barber, & Stärk, 2014) and 
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there is evidence that treatment access for pets differs according to their owner’s 
socioeconomic status (Hopman et al., 2018; Kipperman, Kass, & Rishniw, 2017; 
Mateus et al., 2014). Improving access to healthcare for humans and other animals, 
and reducing issues with supply chains and counterfeit drugs, will require system-
level changes to policies and legislation, as well as enforcement of legislation 
(Laxminarayan et al., 2013; Review on AMR, 2015c). 
1.2.2.4 Environmental contamination and poor sanitation. The environment 
is a reservoir for microorganisms (including potential pathogens) that are carrying 
AMR genes (FAO, 2016; Huijbers et al., 2015; Review on AMR, 2015a; Singer et al., 
2016). Poor sanitation in many countries drives both the burden of infectious disease 
and the spread of AMR genes through communities (Review on AMR, 2016a). Poor 
practice in controlling waste water from pharmaceutical manufacturing sites is also a 
problem (Review on AMR, 2015a). For example, water samples surrounding a large 
industrial site in India found a high concentration of antimicrobials in environmental 
water sources, as well as the presence of drug-resistant microorganisms in 100% of 
the samples (Lübbert et al., 2017). Soils and waterways can also become 
contaminated with antimicrobial residues around agricultural land (FAO, 2016; 
Review on AMR, 2015a). Intervening to improve sanitation and minimise 
environmental pollution from pharmaceutical waste will require investment by 
governments, tougher regulations, and more robust enforcement of regulations 
(Review on AMR, 2015a, 2016a; Singer et al., 2016).  
1.2.2.5 Agricultural practices beyond therapeutic treatment. In almost all 
countries, farmers will have at least some access to antimicrobials without direct 
veterinary supervision, and the extent to which this access is regulated and controlled 
varies between countries (FAO, 2016; Laxminarayan et al., 2013; OIE, 2016). In 
livestock medicine, antimicrobials are used to treat outbreaks of disease, but they are 
also widely used across a range of farming systems and livestock sectors to prevent or 
restrict outbreaks of disease (Buller et al., 2015; Ojo, Fabusoro, Majasan, & Dipeolu, 
2016). Prophylactic treatment is applied to groups of animals where there are no signs 
of active disease, but the group may be at risk of a disease outbreak for some reason, 
such as being under stress during transportation (FAO, 2016). Metaphylactic 
treatment is applied to groups of animals where some animals are already showing 
signs of disease, to minimise the spread and effects of the disease in the wider group 
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(FAO, 2016). Reducing the incidence of prophylactic and metaphylactic treatment 
should be seen as a key global policy goal (Anomaly, 2009; Behdinan et al., 2015; 
WHO, 2017), although this would need to be carefully managed to avoid impacting 
upon animal health and welfare (FAO, 2016; H. H. Jensen & Hayes, 2014).  
In addition to the treatment or prevention of disease in animals, in many 
countries sub-therapeutic doses of antimicrobials are used as growth promoters in 
livestock farming (FAO, 2016; Laxminarayan et al., 2013, 2016). Although the 
mechanisms are poorly understood, giving low-dose antimicrobials to livestock 
animals can facilitate faster growth and higher rates of food conversion, meaning 
farmers can achieve slaughter weights sooner (Laxminarayan et al., 2013; Review on 
AMR, 2015a). This practice was banned in the EU in 2006 but is still legal in most 
other parts of the world (FAO, 2016). Concerns have been raised about the potential 
negative effects on the cost of production and availability of affordable animal-source 
protein, especially in LMICs, if antimicrobials are banned for growth promotion 
without additional support to help farmers transition their production systems and 
husbandry practices (Brown, Uwiera, Kalmokoff, Brooks, & Inglis, 2017; FAO, 
2016; Hao et al., 2014). Nonetheless, exposure to antimicrobials at sub-therapeutic 
doses is thought to be a key driver for the emergence of new AMR genes and there 
are calls for this practice to be banned worldwide (Anomaly, 2009; WHO, 2017). 
1.2.3 Calls for change. Calls to limit antimicrobial use are not new; for 
example, a recent review highlighted that warnings about the inappropriate use of 
antimicrobials in agriculture have been consistently issued every decade from the 
1950s onwards (Wallinga et al., 2015). Positively, however, the context is changing, 
as the world is increasingly recognising the enormous challenge posed by AMR. This 
has been helped by high profile reports such as the O’Neill Review (Review on AMR, 
2016b), which have helped to raise AMR up the global and political agendas (T. P. 
Robinson et al., 2016). In 2016, AMR was discussed at a high-level meeting of the 
United Nations (UN); previously to this, the only other health issues discussed at UN 
high-level meetings have been HIV/AIDS, the 2013-2015 outbreak of Ebola in West 
Africa, and the rise in non-communicable diseases (Mushtaq, 2016). In 2015, the 
WHO endorsed a global action plan on AMR (WHO, 2015) and restrictions on 
antimicrobial use in agriculture are strongly recommended as part of that plan (WHO, 
2017). Surveillance of AMR is improving (WHO, 2018b), although investments and 
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progress towards the global action plan on AMR has varied between different 
countries (WHO, 2018a). Furthermore, as the specific challenges are likely to vary by 
country and region, policies will need to be sensitive to local needs and resources 
(Hollis & Maybarduk, 2015; T. P. Robinson et al., 2016; WHO, 2015). 
Encouragingly, there is also increasing recognition of the potential for 
psychology and other social sciences to assist in tackling the problem of AMR 
(Charani et al., 2014; Flowers, 2018; Frid-Nielsen, Rubin, & Baekkeskov, 2019; 
Magouras, Carmo, Stärk, & Schüpbach-Regula, 2017; WHO, 2015). Across all high-
level drivers discussed above, there is scope for social scientists to be involved in the 
development of policies, guidelines, and other interventions to minimise the demand 
for antimicrobials and enable responsible antimicrobial use. Tackling social issues 
such as poverty, lack of access to effective treatment, and inadequate sanitation will 
be key and will require long-term vision and investment in interventions to improve 
standards of living for millions of people and animals. There is also, however, scope 
for more immediate interventions aimed at changing biosecurity and IPC behaviours 
and antimicrobial prescribing and usage behaviours, and psychologists are especially 
well placed to explore the drivers of these behaviours. By understanding the 
psychological and social drivers of such behaviours, more effective interventions can 
be designed (Charani et al., 2014). Although preventing infections is important in 
reducing demand for antimicrobials, it is also important to reduce inappropriate 
antimicrobial usage in humans and other animals that are already presenting clinical 
signs and symptoms. Furthermore, there is a relative paucity of genuine social science 
research exploring vets’ and farmers’ behaviours and practices surrounding 
antimicrobial usage (Buller et al., 2015). This thesis is focused on the latter of these 
two demand problems; understanding the drivers of inappropriate prescribing and 
usage and how antimicrobial stewardship might be promoted, with a focus on 
veterinary medicine. An exploration of what antimicrobial stewardship means, and 
how it can reduce inappropriate usage, is presented in the next section.  
1.2.4 Summary. Inappropriate use of antimicrobials contributes to increasing 
rates of AMR. The high-level drivers outlined above are not exhaustive, but they 
demonstrate many of the interrelated factors that contribute to the inappropriate use of 
antimicrobials. Therefore, although AMR is a microbiological phenomenon, human 
behaviour and the societal structures within which humans act are key contributors to 
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the AMR crisis. It is evident that better policies are required, at the local, national, and 
international level, to tackle this complex and urgent problem. A key part of the 
solution is understanding what drives inappropriate prescribing and usage; these 
drivers can then be targeted to encourage antimicrobial stewardship. In the next 
section, a definition of antimicrobial stewardship is outlined.  
 
1.3 Tackling Inappropriate Usage: Antimicrobial Stewardship  
Given that inappropriate antimicrobial usage is a major driver of AMR, 
encouraging responsible use in both human and veterinary medicine is a key part of 
the solution to prevent ever increasing rates of AMR. Antimicrobial stewardship is the 
notion that prescribers, users, and other stakeholders should reduce the inappropriate 
use of antimicrobials and enable more responsible use. This section presents a 
definition of antimicrobial stewardship, considers how stewardship can be seen as an 
issue of sustainability, and finally emphasises that stewardship is a One Health issue.  
1.3.1 Antimicrobial stewardship. Antimicrobial usage in both humans and 
animals is associated with emergence and increased rates of AMR (Bell, Schellevis, 
Stobberingh, Goossens, & Pringle, 2014; Bryce et al., 2016; Burow, Simoneit, 
Tenhagen, & Käsbohrer, 2014; Chantziaras, Boyen, Callens, & Dewulf, 2014; FAO, 
2016; Schechner et al., 2013). Therefore, to reduce the threat from AMR, 
interventions are needed to reduce the inappropriate use of antimicrobials in both 
human and veterinary medicine. Antimicrobial stewardship has recently been defined 
as “a coherent set of actions which promote using antimicrobials in ways that ensure 
sustainable access to effective therapy for all who need them” (Dyar, Huttner, 
Schouten, & Pulcini, 2017, p. 796). Stewardship is considered a crucial element in 
controlling inappropriate use (Fishman, 2006; Monnier, Eisenstein, Hulscher, & 
Gyssens, 2018). The premise is that antimicrobial stewardship should be seen as a 
broad strategy to promote responsible prescribing and usage in order to conserve the 
effectiveness of antimicrobials, for now and for the future, and that specific actions to 
help meet this strategy should be defined at a local, context-specific, level (Dyar et 
al., 2017). Benefits of increased stewardship include a reduced incidence in humans 
of diarrhoea associated with C. difficile (Baur et al., 2017; Fishman, 2006) and 
possible reductions in prevalence of and infection by resistant pathogens (Baur et al., 
2017; Dorado-García et al., 2016; FAO, 2016; Fishman, 2006). 
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Antimicrobial stewardship therefore needs to be encouraged amongst all 
health professionals who prescribe antimicrobials, including pharmacists, prescribing 
nurses, dentists, doctors, and vets. Non-prescribing users of antimicrobials should also 
be considered as antimicrobial stewards (Dyar et al., 2017); for example, farmers 
regularly administer antimicrobials without direct supervision from vets (Cattaneo, 
Wilson, Doohan, & LeJeune, 2009; P. J. Jones et al., 2015; Obaidat, Bani Salman, 
Davis, & Roess, 2018; Ojo et al., 2016; Sadiq et al., 2018) and members of the public 
are responsible for administering their own treatment or treatment to family members 
and pets. The role of an antimicrobial steward is to “carefully and responsibly manage 
antimicrobials” (Dyar et al., 2017, p. 796). Furthermore, it has been argued that the 
notion of responsible use, rather than appropriate, rational, or optimal use, should be 
promoted, as the term responsible use more readily implies the need to balance the 
needs of the individual and the needs of society in prescribing and usage decisions 
(Dyar et al., 2017). Therefore, the term responsible use is used throughout this thesis.  
Stewardship interventions are those related to the actual use of antimicrobials, 
and are aimed at enabling responsible use or restricting inappropriate use, with the 
goal of optimising therapy for the individual patient whilst also emphasising the 
social responsibility for ensuring antimicrobial therapy is truly necessary (Dyar et al., 
2017; Fishman, 2006). Broader actions, such as vaccination programmes or hand 
hygiene programmes, are not considered to be stewardship interventions (Dyar et al., 
2017; Monnier et al., 2018), although such programmes of course reduce the demand 
for antimicrobials. The majority of stewardship interventions are aimed at prescribers 
in human medicine, and examples include encouraging the use of diagnostics and 
computer-assisted tools to support decision-making, providing feedback on 
prescribing, and formulary restrictions (Dyar et al., 2017; Fishman, 2006). Finally, 
stewardship is not simply about reducing use. Sometimes it is clinically appropriate to 
increase the use of antimicrobials, given the global inequities regarding access to 
antimicrobials (Laxminarayan et al., 2016). In the UK and other HICs, however, 
stewardship is most likely to involve a reduction of antimicrobials, or perhaps a more 
focused therapy, such as choosing a narrow-spectrum antibiotic; the ‘Start Smart, 
Then Focus’ intervention across English hospitals (Public Health England (PHE), 
2015) is an example of such an intervention.  
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1.3.1.1 Adverse drug events related to antimicrobial usage. Even if concerns 
relating to AMR were disregarded, there remain other benefits that can be gained 
from ensuring antimicrobial use is responsible. Antimicrobials are not benign 
therapies and their use can result in adverse effects in both human and other animal 
patients. For example, antibiotic exposure in preterm human infants is associated with 
an increased risk of all-cause mortality (Esaiassen, Fjalstad, Juvet, van den Anker, & 
Klingenberg, 2017), and use of fluoroquinolones in adult humans is associated with a 
greater risk of adverse central nervous system and gastrointestinal effects, as 
compared to other antimicrobials (Tandan, Cormican, & Vellinga, 2018). In a survey 
of companion animal vets in South Africa, 68% reported that they sometimes or 
frequently encountered adverse drug events in their patients (Chipangura, Eagar, 
Kgoete, Abernethy, & Naidoo, 2017) and antimicrobials can cause diarrhoea, 
vomiting, and loss of appetite in cats and dogs (K. N. Woodward, 2005). Furthermore, 
for patients with drug-resistant infections, adverse events may be more prevalent, as 
second-line treatments often have greater toxicity than first-line treatments (Caniaux, 
van Belkum, Zambardi, Poirel, & Gros, 2017; WHO, 2014). A systematic review 
found an average of 83% of human patients with drug-resistant TB experienced one 
or more adverse drug event, including gastrointestinal symptoms, hearing loss, and 
hypothyroidism (Schnippel, Firnhaber, Berhanu, Page-Shipp, & Sinanovic, 2017). 
Inappropriate antimicrobial use can therefore also be considered an issue of medical 
ethics, as the patient (and society) is exposed to potential side effects without a 
realistic prospect of experiencing any benefits from the therapy (Hayhoe, Butler, 
Majeed, & Saxena, 2018; Monnier et al., 2018; Parsonage et al., 2017), and this is an 
additional reason to promote antimicrobial stewardship. 
1.3.2 Stewardship and sustainability. Every time an antimicrobial is used, 
there is the risk of driving a new mutation and increasing the rates of AMR. 
Antimicrobials should be seen as finite, non-renewable resources (Wallinga et al., 
2015) and antimicrobial stewardship can therefore be conceptualised as an issue of 
sustainability (Jørgensen, Wernli, Folke, & Carroll, 2017). Society needs to promote 
antimicrobial stewardship in order to preserve the long-term effectiveness of these 
essential medicines. Even if new antimicrobial drugs are developed, existing 
psychological and social pressures to use new antimicrobials inappropriately will 
remain, unless these pressures are better understood and successfully targeted through 
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stewardship interventions (and through societal-level change). The challenges posed 
by AMR have been likened to the challenges posed by climate change (Anomaly, 
2009; Jørgensen et al., 2017; Moran, 2017; Tonkin-Crine, Walker, & Butler, 2015), 
and by framing AMR as a human-driven environmental challenge, rather than simply 
an issue for health professionals, insights from sustainability research can be brought 
to bear on the problem (Jørgensen et al., 2017). Furthermore, in the context of 
veterinary medicine, antimicrobial stewardship is also about ensuring the 
sustainability of the global food supply and ensuring food security (Vet Futures 
Project Board, 2015). A discussion of how insights from sustainability research, 
specifically environmental psychology, have been applied in this thesis is outlined in 
more detail in section 1.4.2. 
1.3.3 A One Health approach to stewardship. As has already been outlined, 
microorganisms and antimicrobials are not necessarily species-specific, and there is 
overlap between antimicrobials that are used to treat both human and animal disease 
(WHO, 2019b). AMR is therefore a truly One Health, global issue and stewardship 
interventions are required across both human and veterinary medicine. A One Health 
approach to stewardship requires consideration of human, animal, and environmental 
health, as well as the interactions between these three domains (Gibbs, 2014; T. P. 
Robinson et al., 2016), but will also require different approaches in different contexts 
to account for differences in legislation, healthcare access, cultural norms, country 
resources, and so on (Bordier et al., 2018; I. Johnson, Hansen, & Bi, 2018; Mendelson 
et al., 2018). At a supranational level, the WHO, OIE, and FAO have formed a 
tripartite partnership to tackle AMR from a One Health perspective, emphasising the 
responsibility of all sectors to drive change (OIE, 2016; WHO, 2015). The approach 
taken by the EU is an explicitly One Health approach (European Commission, 2017) 
and within the UK, the current national action plan on AMR (Her Majesty’s 
Government, 2019) represents a coordinated approach between the Department for 
Health and Social Care (DHSC) and the Department for Environment, Food, and 
Rural Affairs (DEFRA), and includes targets for reductions in antimicrobial usage in 
both humans and animals by 2024. The UK is also supporting the development of 
One Health surveillance systems and other initiatives to tackle AMR in LMICs 
through the Fleming Fund (Her Majesty’s Government, 2019). There are, however, 
concerns that the current uncertainties posed by Brexit could impact on UK efforts to 
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reduce AMR, including potential threats to food safety and access to medicines and 
disease surveillance systems (Anderson, 2018a; British Veterinary Association 
(BVA), 2019a).  
There are already a variety of stewardship interventions that have targeted 
healthcare professionals in human medicine to reduce inappropriate prescribing and 
increase stewardship (Dyar et al., 2016). Systematic reviews have explored the effects 
of various approaches including antimicrobial stewardship programmes in hospitals 
and long-term care facilities (Davey et al., 2017; Wu, Langford, Daneman, Friedrich, 
& Garber, 2019), delayed prescribing in primary care (Spurling, Del Mar, Dooley, 
Foxlee, & Farley, 2017; Venekamp, Sanders, Glasziou, Del Mar, & Rovers, 2015), 
point-of-care testing (Aabenhus, Jensen, Jørgensen, Hróbjartsson, & Bjerrum, 2014; 
Tonkin-Crine et al., 2017), provision of feedback to clinicians (Arnold & Straus, 
2005), and shared-decision making interventions (Coxeter, Del Mar, McGregor, 
Beller, & Hoffmann, 2015). Reviews of interventions targeted at patients and the 
public have also been published (de Bont, Alink, Falkenberg, Dinant, & Cals, 2015; 
Langdridge et al., 2018; McParland et al., 2018; Price et al., 2018; Thoolen, de 
Ridder, & van Lensvelt-Mulders, 2012). There is, however, a relative paucity of 
equivalent interventions in veterinary medicine (Wilkinson, Ebata, & MacGregor, 
2019), with primary reports of interventions with vets and farmers only just beginning 
to be published (Collineau et al., 2017; Lam, Jansen, & Wessels, 2017; Postma, 
Vanderhaeghen, Sarrazin, Maes, & Dewulf, 2017; Speksnijder et al., 2017; A. Turner 
et al., 2018; van Dijk et al., 2017; Vasquez et al., 2018).  
Antimicrobials sold for veterinary medicine are estimated to represent around 
40% of total antimicrobial sales in the UK (PHE & Veterinary Medicines Directorate 
(VMD), 2015); it is therefore vital that stewardship interventions are targeted at farm 
vets, companion animal vets, farmers, and pet owners, as well as at doctors and 
human patients. A greater focus on understanding the barriers and facilitators to 
stewardship in veterinary medicine is therefore needed to inform future stewardship 
interventions. Although stewardship interventions will need to be sensitive to 
potential differences between human and animal medicine, there are still likely to be 
useful insights surrounding stewardship behaviours in human medicine that may be 
relevant in a veterinary context. Indeed, it has been argued that part of the challenge 
in tackling AMR is due to the separation of systems that manage human and animal 
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health (Wallinga et al., 2015). Taking a One Health approach to the problem of AMR 
and antimicrobial stewardship could therefore help accelerate interventions with vets, 
farmers, and pet owners, although veterinary-specific research will still be required.  
This thesis is therefore focused on understanding the psychological, social, 
and environmental barriers and facilitators to stewardship in UK veterinary medicine. 
It also adopts a One Health approach to stewardship by considering relevant insights 
around stewardship from human medicine. As antimicrobials are commonly used 
medicines on farms (Higham et al., 2018), the focus is on understanding stewardship 
in the commercial livestock sector, rather than on stewardship in companion animals, 
in horses, or on smallholdings. In the UK, the vast majority of antimicrobials used in 
animals are used in livestock animals (VMD, 2018). In 2017, 72% of veterinary 
antibiotic sales were for drugs that were only indicated for use in livestock species, 
compared to 10% of sales that were only indicated for use in horses and other 
companion animal species; the remaining 18% of sales were indicated for use across 
both livestock and non-livestock species (VMD, 2018). As it is important to consider 
the potential stewardship role of different stakeholders, (Dyar et al., 2017), the thesis 
will explore prescribing and usage beliefs and behaviours amongst farm vets, farmers, 
and veterinary students in the UK.  
1.3.4 Summary. Antimicrobial stewardship is key to reducing the threat from 
AMR and to preserving the effectiveness of antimicrobials for future generations of 
humans and other animals. Developing effective stewardship interventions in 
veterinary medicine will require insight into the psychological, social, and 
environmental barriers and facilitators to stewardship. In the next section, different 
theoretical approaches to understanding stewardship, prescribing, and usage 
behaviours are outlined.  
 
1.4 Theoretical Frameworks   
Antimicrobial prescribing and usage represent complex behaviours involving 
a range of different actors, who are influenced by a range of different factors. Various 
psychological models can and have been used to develop an understanding of these 
behaviours. In this section of the literature review, some of these psychological 
models will be discussed, along with some of the strengths and limitations of each 
approach.  
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In the first part of this section, consideration is given to a general explanation 
for why antimicrobials are used inappropriately, with a discussion of the tragedy of 
the commons (Hardin, 1968). Derived from economic theory, the argument runs that 
common resources, such as antimicrobials, will inevitably be used inappropriately, 
unless levers are in place to make inappropriate use by an individual more costly to 
the individual. Following this discussion, a consideration is made of the potential 
utility of four psychological approaches to provide a more detailed understanding of 
the drivers of antimicrobial prescribing and usage behaviours, to identify what drivers 
might successfully be targeted in interventions. Two of these theoretical approaches 
are rooted in the individual, while two are broader frameworks that take account of 
individuals’ context.  
Inspiration for psychological models that explore individual-level factors has 
been drawn from both environmental and health psychology. First, the potential 
relationship between individuals’ values and antimicrobial prescribing (defined in this 
thesis as a pro-environmental behaviour) is considered. Values are broader than 
specific beliefs or norms and there is evidence that self-transcendence (pro-social) 
values are associated with various pro-environmental behaviours (G. T. Gardner & 
Stern, 2002; Steg & de Groot, 2012). Next, the potential utility of social cognition 
models, with their emphasis on beliefs and attitudes, is discussed in relation to 
prescribing and usage behaviours. Social cognition models have been widely used in 
health psychology and there is evidence that a range of cognitive factors, such as 
beliefs, attitudes, and intentions are associated with health-related behaviours 
(AbuSabha & Achterberg, 1997; Godin & Kok, 1996; Hardeman et al., 2002; Janz & 
Becker, 1984; Rivis, Sheeran, & Armitage, 2009; Sulat, Prabandari, Sanusi, Hapsari, 
& Santoso, 2018; Webb & Sheeran, 2006; Young, Plotnikoff, Collins, Callister, & 
Morgan, 2014). 
There are, however, limitations with models that focus predominantly on the 
individual, so two broader frameworks drawn from the health psychology and public 
health literature have also been considered. First, the potential utility of the theoretical 
domains framework (TDF; Cane, O’Connor, & Michie, 2012) for understanding 
prescribing and usage behaviour is discussed. This framework pulls together multiple 
constructs from different psychological theories of behaviour, and also moves beyond 
a focus on individual-level influences on behaviour. Next, social ecological 
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frameworks (McLeroy, Bibeau, Steckler, & Glanz, 1988; Stokols, 1992) are discussed 
as an alternative approach to the TDF. A social ecological framework can encompass 
both the individual and their environment (context), as well as emphasise the dynamic 
interactions between individuals and environments (Green, Richard, & Potvin, 1996; 
McLeroy et al., 1988; Stokols, 1992, 1996). 
Although all models can offer some insight into the challenge of increasing 
antimicrobial stewardship, a social ecological framework has been adopted for this 
thesis, as social ecology can accommodate the wide range of relevant factors 
identified through the empirical work in this thesis and in the broader literature 
review. Each of the above theoretical approaches will now be discussed in detail, 
along with a consideration of the associated strengths and limitations. Finally, the 
social ecological framework used in this thesis is outlined.  
1.4.1 The tragedy of the commons. Common resources, such as water, air, or 
pasture, are resources that are available for use by all in society. Often, however, the 
overuse or misuse of common resources is not (effectively) restricted by legislation, 
markets, or other societal devices. The tragedy of the commons lies in the more or less 
inevitability of overuse or misuse, as decisions made by the individual about how to 
use common resources for their own best interests are often not in the best interests of 
society (Hardin, 1968). Overuse of a common resource by an individual usually 
results in benefits to themselves that are greater than the costs they experience, whilst 
the costs of overuse are shared amongst society (Hardin, 1968). Such costs are often 
abstract, in the future, and more likely to affect others than affect the individual who 
overuses a common resource. Therefore, common resources are likely to be exploited 
and misused, unless the relative benefits and costs to the individual are shifted in such 
a way as to make it more costly for the individual to overuse such a resource 
(Anomaly, 2009; Hardin, 1968). Hardin argues that appeals to conscience will not be 
enough to get all individuals to reduce their overuse of common resources; while 
some people will respond to these appeals, many will not (Hardin, 1968). 
The problem of inappropriate use of antimicrobials can therefore be 
considered a classic tragedy of the commons problem (Hollis & Maybarduk, 2015; 
Tonkin-Crine et al., 2015; World Bank, 2017). Use of antimicrobials presents a 
commons dilemma. Individuals who choose to prioritise societal benefits by not 
sharing unfinished prescriptions, or by not prescribing or using antimicrobials when 
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clinical signs are ambiguous, may perceive or experience an immediate cost to 
themselves or their human and animal patients. Conversely, individuals who use 
antimicrobials inappropriately will gain (or believe they have gained) by feeling they 
are doing something to help cure their immediate illness, or by relieving the 
emotional uncertainty associated with their own or their loved one’s illness. This 
psychological gain may be realised even though the antimicrobials may not actually 
be helping to speed recovery or relieve symptoms any quicker. The potential risks to 
society from inappropriate use of antimicrobials (i.e. increased AMR and reduced 
effectiveness of antimicrobials) are more or less invisible to the immediate user. Even 
where this risk is known by a prescriber or user, the risk is generally perceived as an 
abstract and future risk, as something that will happen to others (Krockow et al., 
2019; M. Smith et al., 2018).  
Commons dilemmas cannot be solved through technological solutions alone 
(Hardin, 1968), and this notion holds true within the context of AMR. Even if new 
antimicrobials are developed for clinical use, microbes will still develop resistance to 
these new drugs. AMR will only be successfully addressed if, in addition to new 
technology, other interventions are developed that address the key behavioural drivers 
of inappropriate antimicrobial use; such interventions will need to help shift the 
relative costs and benefits of antimicrobial use for the individual. Insights from health 
psychology and related disciplines will be central to understanding these drivers and 
developing appropriate, context-specific, interventions (Tonkin-Crine et al., 2015). 
The utility of a range of psychological models for understanding antimicrobial 
prescribing and usage behaviours will now be discussed. 
1.4.2 Values and pro-environmental behaviour. The challenge presented by 
AMR and inappropriate use of antimicrobials has been likened to the challenge 
presented by climate change and greenhouse gas emissions (Anomaly, 2009; 
Jørgensen et al., 2017; Moran, 2017; Tonkin-Crine et al., 2015). Many behaviours of 
relevance to driving climate change also represent commons dilemmas; successfully 
tackling climate change and achieving environmental sustainability requires 
individuals to act in ways that will likely result in immediate costs to them, with the 
benefits being realised by societies in different parts of the world, by the planet’s 
ecosystem, and by future generations (American Psychological Association, 2009). 
Given that both AMR and climate change represent commons dilemmas, it is possible 
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that insights from environmental psychology exploring behaviours related to climate 
change and environmental sustainability may be useful for guiding research into 
antimicrobial usage and prescribing behaviours. 
Environmental behaviours have been defined as “all types of behaviour that 
change the availability of materials or energy from the environment or alter the 
structure and dynamics of ecosystems or the biosphere” (Steg & Vlek, 2009, p. 309). 
Taking this definition, the use of antimicrobials can be conceptualised as an 
environmental behaviour, as the microbial environment has undoubtedly been 
changed and shaped by human use of antimicrobials in both human and animal 
medicine (Laxminarayan et al., 2013; Wallinga et al., 2015) as well as by poor 
practices in manufacturing, such as inadequate waste water controls (Lübbert et al., 
2017). Pro-environmental behaviours are those that minimise harm to, or benefit, the 
environment (Steg & Vlek, 2009), and antimicrobial stewardship can therefore be 
conceptualised as a pro-environmental behaviour. Understanding what factors 
influence environmental behaviours is important to be able to develop behaviour 
change interventions that target the most relevant drivers of the target behaviour (Steg 
& de Groot, 2012). 
The influence of individuals’ values on their environmental beliefs, intentions, 
and behaviours has been widely studied (Steg, Bolderdijk, Keizer, & Perlaviciute, 
2014; Steg & de Groot, 2012; Steg & Vlek, 2009). Values are considered to be 
desirable goals that serve as guiding principles in people’s lives, although the relative 
importance of each value differs between individuals and cultures (Schwartz, 1992). 
Cross-cultural research has identified 56 different values (e.g. wealth, wisdom, 
obedient) that cluster into ten, higher-order, motivational types of value (e.g. 
conformity, achievement, stimulation) (Schwartz, 1992). These motivational types 
further cluster along two dimensions: openness to change versus conservation and 
self-enhancement versus self-transcendence (Schwartz, 1992). While people may 
endorse the same values, at least to some extent, people differ in terms of which 
values they more greatly endorse and which values they prioritise in a given situation 
(Feather, 1995; Steg, Bolderdijk, et al., 2014; Steg & de Groot, 2012). Where an 
individual’s values conflict, they are likely to act in accordance with the more salient 
value, which is usually the value that is more strongly endorsed (Steg & de Groot, 
2012). Values are considered to be relatively stable over time compared to beliefs, 
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attitudes, and norms, and they reflect more general beliefs about desirable behaviours 
or desirable end-states (such as about equality or ambition) that transcend different 
situations (Feather, 1995; G. T. Gardner & Stern, 2002; Steg & de Groot, 2012). 
There is evidence that four values (hedonic, egoistic, altruistic, and 
biospheric), that represent the self-enhancement versus self-transcendence values 
dimension (Steg & de Groot, 2012; Stern, Dietz, & Guagnano, 1998), have been 
consistently associated with environmental beliefs, intentions, and behaviours (de 
Groot & Steg, 2007, 2008; Gatersleben, Murtagh, & Abrahamse, 2014; Steg & de 
Groot, 2012; Steg, Perlaviciute, van der Werff, & Lurvink, 2014; Thøgersen & 
Ölander, 2002). Both hedonic and egoistic values reflect self-enhancement (or pro-
self) values, and a concern with one’s own interests (Schwartz, 1992; Steg, 
Perlaviciute, et al., 2014). Hedonic values represent an individual’s concerns about 
reducing effort and increasing pleasure and comfort. Egoistic values represent an 
individual’s concerns about the costs and benefits of their actions in relation to 
safeguarding or increasing their own resources, including material goods and status. 
In contrast, altruistic and biospheric values reflect self-transcendence (or pro-social) 
values, and a concern with collective interests over self-interests (Schwartz, 1992; 
Steg, Perlaviciute, et al., 2014). Altruistic values represent concerns about improving 
or prioritising the welfare of other human beings, while biospheric values represent 
concerns about preserving and protecting nature and the environment for its own sake.  
A number of cross-sectional studies have demonstrated that people who more 
strongly endorse self-transcendence values (altruistic and biospheric) compared to 
self-enhancement values (hedonic and egoistic) are more likely to hold pro-
environmental beliefs and behavioural intentions (de Groot & Steg, 2007, 2008; 
Gatersleben et al., 2014) and are also more likely to engage in pro-environmental 
versions of a range of behaviours, including recycling, food choices, showering 
length, energy reduction, or transport use (Gatersleben et al., 2014; Steg, Perlaviciute, 
et al., 2014; Thøgersen & Ölander, 2002). Furthermore, there is some evidence that 
value clusters, and their relationships with pro-environmental behaviours, can be 
found across different cultures (Schwartz, 1992; Steg, Bolderdijk, et al., 2014). 
 There are, however, limitations to using values to predict and explain pro-
environmental behaviours, and these limitations are likely to apply to the specific case 
of antimicrobial prescribing and usage. For example, in addition to values, other 
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psychological factors, such as affect (Coelho, Pereira, Cruz, Simões, & Barata, 2017), 
self-identities (Gatersleben et al., 2014; Whitmarsh & O’Neill, 2010), past behaviour 
(Whitmarsh & O’Neill, 2010), and social identities (Dono, Webb, & Richardson, 
2010) are also associated with pro-environmental beliefs and behaviours. Indeed, 
values generally appear to indirectly affect environmental behaviours through other 
psychological mechanisms, such as beliefs or norms (Gatersleben et al., 2014; Steg & 
de Groot, 2012). Furthermore, situational cues also influence the extent to which 
values influence pro-environmental behaviours (Steg, Bolderdijk, et al., 2014). For 
example, values appear to be better predictors of pro-environmental behaviour in 
situations where adopting the pro-environmental behaviour is relatively low-cost and 
not too difficult or effortful for the individual (Steg, Bolderdijk, et al., 2014; Steg & 
Vlek, 2009). 
 Nonetheless, as values have some predictive power in determining the 
likelihood of performing pro-environmental behaviours, values were measured in one 
study within this thesis, to explore whether values would be related to vets’ likelihood 
of prescribing antimicrobials (see Chapter Six). As values represent a broader range 
of concerns than those represented by specific beliefs, it was reasoned that values 
might be associated with vets’ prescribing behaviour. For example, if vets perceive 
AMR to be a threat to the collective health of others, then vets who more strongly 
endorse altruistic values might exhibit more stewardship behaviours, especially in 
ambiguous clinical situations. Equally, if vets perceive AMR to be an environmental 
threat, then those vets who more strongly endorse biospheric values might exhibit 
more stewardship behaviours. Of course, a potential threat to this hypothesis is that 
vets may not perceive their own antimicrobial prescribing to be a threat to either 
wider human welfare (altruistic values) or to environmental welfare (biospheric 
values). Furthermore, as values appear to exert their influence indirectly via beliefs 
and other cognitive processes (Gatersleben et al., 2014; Steg & de Groot, 2012), it is 
also worth considering the potential utility of social cognition models for explaining 
antimicrobial prescribing and usage behaviours, which is the focus of the next section. 
1.4.3 Beliefs and health behaviour. Variation in health outcomes is at least 
partially accounted for by individual differences in health behaviours (B. T. Johnson 
& Acabchuk, 2018). Understanding what predicts and drives these behaviours is a 
central concern within health psychology and social cognition models have been 
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widely applied within the field to attempt to predict and explain variance in health 
behaviours (N. M. Clark & Janevic, 2013; Glanz & Bishop, 2010; Godin, Bélanger-
Gravel, Eccles, & Grimshaw, 2008; Ogden, 2003; Painter, Borba, Hynes, Mays, & 
Glanz, 2008). Social cognition models explore relationships between behavioural 
outcomes and cognitive factors such as beliefs about control or outcomes, attitudes 
towards the behaviour, or intentions to perform the behaviour. There are a wide range 
of theories that focus on cognitive factors (Glanz & Bishop, 2010) and there is some 
overlap between the variables included in different social cognition models (Armitage 
& Conner, 2000; N. M. Clark & Janevic, 2013). Commonly used examples of social 
cognition models include the health belief model (HBM; Janz & Becker, 1984; 
Rosenstock, 1974), the theory of planned behaviour (TPB; Ajzen, 1991), and social 
cognitive theory (SCT; Bandura, 1977a, 1986). Each of these examples will now be 
briefly discussed.  
The HBM represents one of the earliest attempts to explain individual variance 
in engagement with health services, and has been widely used to explore both 
preventative health behaviours and actions taken after a diagnosis of ill-health (Janz 
& Becker, 1984; Rosenstock, 1974). The theory posits that health behaviours result 
from 1) an individual’s desire to avoid illness, or get well if already ill, and 2) their 
beliefs about whether a specific action will help them avoid illness or get well (Janz & 
Becker, 1984; Rosenstock, 1974). Within the model, there are four key dimensions 
that are theorised to predict whether an individual will engage in a specific health 
behaviour: perceived susceptibility to the condition, perceived severity of the 
condition, perceived benefits of taking a specific action, and perceived barriers to 
taking a specific action (Janz & Becker, 1984; Rosenstock, 1974). Two further 
dimensions, self-efficacy beliefs and health motivation, were later added to the model 
(Rosenstock, Strecher, & Becker, 1988). Individuals are assumed to effectively make 
a cost-benefit analysis based on their beliefs within these dimensions, which guides 
their health behaviours. Additionally, cues to action, such as symptoms or an external 
source of information, can also drive health behaviours (Janz & Becker, 1984; 
Rosenstock, 1974). Reviews have found support for association between the 
constructs within the HBM and a variety of outcome behaviours including 
vaccination, screening and self-examination, medication adherence, and oral hygiene 
(Janz & Becker, 1984; C. J. Jones, Smith, & Llewellyn, 2014; Nasab et al., 2019; 
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Sulat et al., 2018). The HBM has also been used for AMR research; for example, a 
systematic review of qualitative research found that although hospital doctors 
perceived AMR as having high severity, the threat was lowered by perceptions of low 
susceptibility to AMR, as doctors did not see AMR as a current or immediate threat 
(Krockow et al., 2019). 
 The TPB posits that intentions to perform a behaviour are predicted by 
attitudes (general positive or negative evaluations of performing a behaviour), 
subjective norms (perceived pressure from others to perform or not perform a 
behaviour), and perceived behavioural control (beliefs about level of control over 
performing a behaviour) (Ajzen, 1991). In turn, these intentions predict the likelihood 
of engaging in the target behaviour; greater intentions result in greater likelihood of 
performing the behaviour (Ajzen, 1991). Reviews have identified the TPB being 
utilised to investigate a wide range of intentions and behaviours, including disease 
screening, blood donation, smoking, condom use, and physical activity (Godin & 
Kok, 1996; Rivis et al., 2009; Webb & Sheeran, 2006). The TPB has also been widely 
used to develop behaviour change interventions, again across diverse behaviours 
including oral hygiene, smoking cessation, drink driving, binge eating, and exercise 
(Hardeman et al., 2002; Nasab et al., 2019). The TPB has gained additional predictive 
power, at least for intentions, when it has been extended to include additional 
variables such as anticipated affect and moral norms (Rivis et al., 2009). Within the 
context of AMR, the TPB has been used to structure the results from a systematic 
review of hospital prescribing (Warreman et al., 2019) and to guide a structural 
equation model of prescribing behaviours in general practitioners (GPs) in China, 
which found that although intentions could be predicted from attitudes, subjective 
norms, and perceived behavioural controls, intentions themselves did not relate to 
prescribing behaviour (Liu, Liu, Wang, Deng, et al., 2019). The TPB has also been 
used in a veterinary context to explore differences in prescribing rates between four 
Nordic countries (Espetvedt et al., 2013) and to understand attitudes towards 
antimicrobial usage in dairy farmers in the UK (P. J. Jones et al., 2015). 
Based on social learning theory (Bandura, 1977b), SCT posits that health 
behaviours are a function of outcome expectancies and efficacy expectancies 
(Bandura, 1977a, 1986). In other words, an individual’s behaviour is driven by 1) 
their beliefs that performing a given behaviour will lead to an expected outcome and 
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2) their beliefs about whether they possess the ability to engage in and successfully 
execute that behaviour (Bandura, 1977a, 1986). People may believe that a behaviour 
will result in a desired outcome, but may not believe they possess the ability or means 
to engage in the behaviour; low-self efficacy beliefs can therefore be a barrier to 
initiation or maintenance of a behaviour (Bandura, 1977a, 1986). Equally, people may 
have high self-efficacy beliefs about a specific behaviour, but have low expectations 
that performing the behaviour will result in the desired outcome (Bandura, 1977a, 
1986). In SCT, psychological functioning is dynamically influenced by interactions 
between the person, their behaviour, and their environment. As an example, self-
efficacy beliefs may increase or decrease in response to persuasion from others, 
physiological and emotional arousal, learning through direct experience of the 
behaviour, or through seeing others perform the behaviour (Bandura, 1977a, 1986). 
As with other social cognition models, SCT, especially the self-efficacy component of 
the model, has been widely utilised to predict and explain health behaviours, 
including dietary changes, physical activity, and breastfeeding (AbuSabha & 
Achterberg, 1997; Bandura, 1997; Lau, Lok, & Tarrant, 2018; Young et al., 2014). In 
human medicine, the SCT has been used to inform an intervention with GPs in 
Sweden to reduce antimicrobial prescribing, although this intervention did not reduce 
prescriptions compared to the control group (Milos et al., 2013). The SCT does not 
appear to have been used to explore veterinary antimicrobial usage, but has been used 
to understand farmers’ self-efficacy beliefs about the prevention and control of 
mastitis in dairy cows (Lind, Hansson, & Lagerkvist, 2019). 
There are, however, limitations to using social cognition models to explain 
complex health behaviours. Although social cognition models do explain some of the 
variance in intentions and behaviour, the amount of variance explained is generally, 
but not always, small (N. M. Clark & Janevic, 2013; Godin et al., 2008; Hardeman et 
al., 2002; C. J. Jones et al., 2014; Lau et al., 2018; Rivis et al., 2009; Sulat et al., 
2018; Webb & Sheeran, 2006; Young et al., 2014). Furthermore, empirical tests of 
social cognition models have found inconsistent evidence for the association between 
variables within the models and intentions or behaviours (French, 2013; Godin et al., 
2008; Hardeman et al., 2002; Nasab et al., 2019; Ogden, 2003; Prestwich et al., 2014). 
In general then, whilst social cognition models provide some insights about 
the cognitive factors that influence behaviour, they are limited in their explanations of 
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health behaviours (Armitage & Conner, 2000; Rhodes, 2015; Schwarzer, 2015; 
Sniehotta, Presseau, & Araújo-Soares, 2015). These models do not adequately 
account for other psychological factors such as unconscious processes, emotion, or 
habit, and they generally assume that people make reasoned, cost-benefit decisions 
that guide their behaviour (Sheeran, Gollwitzer, & Bargh, 2012; Sniehotta, Presseau, 
& Araújo-Soares, 2014; Steg & Vlek, 2009). Additionally, social cognition models, as 
well as theories about values, do not adequately account for the influence of context 
and external influences on behaviour such as cultural norms, the environment, or 
factors such as age and gender (N. M. Clark & Janevic, 2013; Sniehotta et al., 2014; 
Steg & Vlek, 2009). Although social cognition models do attempt to account for the 
influence of the physical and social environment, or emotion and habits, generally 
these influences are assumed to happen indirectly by influencing beliefs and 
perceptions, rather than by directly influencing behaviours (Ajzen, 2011; Bandura, 
1977a; N. M. Clark & Janevic, 2013; Janz & Becker, 1984; Sniehotta et al., 2014). 
Given the complexity of antimicrobial prescribing and usage behaviours, broader 
theoretical frameworks are likely to better account for the variety of influences on 
these behaviours. The first of two frameworks that more explicitly account for 
contextual factors will now be discussed.  
1.4.4 Theoretical domains framework. The TDF (Cane et al., 2012; Michie 
et al., 2005) was developed in an attempt to synthesise multiple overlapping theories 
of behaviour, and also forms one response to the limitations of social cognition 
models and other models focused on individual-level explanations of behaviour. The 
TDF was initially developed through expert consensus to provide clarity and some 
level of comprehensiveness by bringing together 128 key constructs from a range of 
psychological theories related to behaviour change (Michie et al., 2005). The TDF 
was further developed using sorting methodologies to validate the structure and 
content of the domains, and the current iteration of the TDF consists of 14 theoretical 
domains covering 84 key constructs (Cane et al., 2012). The TDF usefully draws 
together similar and overlapping concepts from different models of human behaviour, 
and is a broader framework than ‘traditional’ psychological theories as it more 
explicitly acknowledges some of the non-cognitive and non-individual influences on 
behaviour, such as emotions, the influence of the physical environment, and the role 
of interpersonal processes such as social identities (Cane et al., 2012; Michie et al., 
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2005). One strength of the TDF is that it can be used to guide research to identify 
theoretical drivers of behaviour (Atkins, 2016; Atkins et al., 2017), and it can then be 
used in combination with the behaviour change wheel (BCW; Michie, van Stralen, & 
West, 2011), the capability, opportunity, and motivation model of behaviour (COM-
B; Michie et al., 2011), and the behaviour change technique taxonomy (BCTTv1; 
Michie et al., 2013) to design theoretically-appropriate behaviour change 
interventions (Atkins et al., 2017; Cane et al., 2012; Michie et al., 2011).  
Within the context of AMR and infectious disease, the TDF and associated 
models have been used in a number of studies, using different methodologies, to 
identify theoretical drivers of behaviour and to identify potential opportunities for 
theory-driven behaviour change interventions. For example, the TDF has been used to 
analyse qualitative interviews with healthcare professionals about their experiences of 
antimicrobial prescribing in long-term care facilities in Ireland; this analysis was then 
mapped to the COM-B and the BCTTv1 to recommend possible areas for 
interventions (Fleming, Bradley, Cullinan, & Byrne, 2014). The TDF and BCTTv1 
were also used to retrospectively analyse the content of an intervention in a London-
based hospital that aimed to increase roll-out of the ‘Sepsis Six’ care bundle 
(Steinmo, Fuller, Stone, & Michie, 2015), as well as investigate barriers to delayed 
prescribing by GPs in Australia (Sargent, McCullough, Del Mar, & Lowe, 2017). 
Finally, these models have also been used in reviews of the literature (McParland et 
al., 2018; Pinder, Sallis, Berry, & Chadborn, 2015). In one systematic review, the 
TDF and BCTTv1 were used to identify the theoretical underpinnings and content of 
interventions aimed at raising awareness of AMR or improving antimicrobial 
stewardship amongst the public, and to assess theoretical coherence between the 
drivers of behaviour and the behaviour change techniques (BCTs) identified 
(McParland et al., 2018). In another, narrative review, the TDF and COM-B were 
used to identify drivers of antimicrobial-related behaviour and to classify existing and 
proposed interventions to improve antimicrobial stewardship by the public and by 
prescribers within primary and secondary care (Pinder et al., 2015). These two 
reviews both highlighted the lack of an explicit theoretical underpinning in many 
interventions, as well as highlighting gaps in existing AMR interventions, suggesting 
there are unexplored opportunities to target drivers of inappropriate antimicrobial use 
using psychological and behavioural science.  
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However, despite the TDF being a useful framework for guiding research into 
behaviour and behaviour change, there are some limitations to the framework. For 
example, claims have been made for comprehensiveness (Cane et al., 2012; Michie et 
al., 2005) and while the TDF does encompass a broad range of psychological 
constructs, there are other constructs that are not included, such as cognitive appraisal, 
heuristics and other cognitive biases, or locus of control. Understanding behaviour 
requires acknowledging the complexity of factors that can influence behaviour (Peters 
& Kok, 2016) and there is a risk that in attempting to synthesise multiple theories and 
reduce potential redundancy of constructs, the richness of these theories and the subtle 
differences between theoretical constructs may be lost in the process (Abraham, 2016; 
Teixeira, 2016).  
Researchers and practitioners using the TDF to guide intervention 
development therefore risk overlooking potentially important drivers of behaviour 
that are not included, or are under-privileged, in the framework. For example, 
although the framework does encompass domains that cover non-cognitive and non-
individual influences (e.g. environmental context and resources, emotions, and social 
influences), the framework is nonetheless focused on (predominantly reflective) 
cognitive processes, such as beliefs about consequences, intentions, and memory, 
attention, and decision processes. In the language of the COM-B, it is psychological 
capability, reflective motivation, and automatic motivation that are emphasised and 
privileged in the current iteration of the TDF (Cane et al., 2012; Michie et al., 2011). 
Despite the strengths of the TDF, it is arguably weakened by the emphasis on 
domains related to cognition and individual-level processes. Indeed, it has been 
argued that theory development for changing health behaviours should transcend the 
individual-level by taking an ecological approach that draws attention to the need for 
interventions at multiple levels (Crosby & Noar, 2010). In the next section, a social 
ecological approach to understanding health behaviours will be discussed.  
1.4.5 Social ecological frameworks. Social ecological frameworks arguably 
more equally privilege both the agency of the individual and the influence of external 
forces and constraints that are a feature of individuals’ physical and social 
environments (Green et al., 1996; McLeroy et al., 1988; Stokols, 1992, 1996). 
Alongside recognising the direct effects of individual and environmental factors on 
health, social ecology also emphasises the dynamic, interactive effects of individual 
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and environmental factors (Stokols, 1996). As will be demonstrated later in this 
chapter, it is clear that antimicrobial prescribing and usage is influenced by a variety 
of factors across different levels (e.g. individual, relational, organisational). 
Explanations of prescribing and usage behaviour, intended to inform behaviour 
change interventions, should therefore take account of both intrapersonal and 
interpersonal factors as well as environmental factors that have been shown to 
influence prescribing and usage in both human and veterinary medicine.  
Given the apparent complexity of antimicrobial prescribing and usage 
decisions, adopting a theoretical framework of behaviour that more equally accounts 
for multiple psychological, social, and environmental factors therefore seems most 
appropriate. Indeed, critique has been laid at psychological models that emphasise or 
privilege the agency of the individual in terms of responsibility for behaviour change 
(McLeroy et al., 1988; Shove, 2010). Equally, critique has also been laid at 
sociological explanations of social practices that privilege the influence of societal 
forces on the actions of individuals (Whitmarsh, O’Neill, & Lorenzoni, 2011). 
Nonetheless, although it is important to recognise the complexities of wider systems 
in driving behaviour, the actions of individuals are still an important feature within 
such complex systems and should not be ignored (Sniehotta et al., 2017).  
Social ecology explicitly recognises that individuals are embedded within 
physical and sociocultural environments (Green et al., 1996; Stokols, 1992) and that 
there are different levels and factors within these physical and sociocultural 
environments, including groups and institutions, as well as geographic and 
technological factors (McLeroy et al., 1988; Stokols, 1992). Beyond just 
acknowledging these different levels of influence on human behaviour, social ecology 
emphasises that there are dynamic interactions between people and their 
environments, and that these interactions form an additional and important influence 
on health behaviours and outcomes (Green et al., 1996; McLeroy et al., 1988; Stokols, 
1992, 1996). There is reciprocity and interdependence between individuals and 
different elements of their environments; just as the environment influences the 
behaviours of the individual, so too the behaviour of individuals, groups, and 
organisations influence the nature of the environment (Green et al., 1996; McLeroy et 
al., 1988; Stokols, 1996). The fit between a person’s needs and the resources within 
their physical and social environment is seen as a key determinant of health within 
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social ecology (Stokols, 1996) and the effectiveness of interventions thus depends on 
there being an appropriate fit between the person, the health issue, and the specific 
environment (Green et al., 1996). Social ecological interventions are typically multi-
level in nature and involve integrating both behavioural and environmental 
interventions (Stokols, 1996).  
For this thesis, two different social ecology frameworks (McLeroy et al., 
1988; Stokols, 1992) have been brought together to be used as an overarching post 
hoc framework for discussing the existing antimicrobial prescribing and usage 
literature and for incorporating findings from the empirical work conducted as part of 
this thesis. Both of these social ecological frameworks cover multiple factors, but 
each has a gap that is at least partially addressed by the other. The model by McLeroy 
et al (1988) includes five levels (intrapersonal, interpersonal, institutional, 
community, and public policy) but does not make explicit reference to the physical 
environment. This may in part be to emphasise the development of social ecology 
from earlier forms of human ecology that put a heavier emphasis on biological and 
physical influences (Green et al., 1996; McLeroy et al., 1988). In contrast, the model 
by Stokols (1992) more comprehensively draws on what he refers to as 
biopsychobehavioural factors and sociophysical environmental factors, which 
incorporate the influence of biology and the physical features of the environment. 
Nonetheless, although Stokols acknowledges some group processes within the 
sociocultural category (e.g. modelling and conformity processes), the majority of the 
examples given within the sociocultural category relate to higher-order influences at 
the organisational, community, or state level. This model is therefore weaker at 
acknowledging the interpersonal factors (such as peer relations and social identity) 
that are more explicitly acknowledged by McLeroy et al (1988). Within this thesis, 
therefore, an adapted social ecological framework is used that draws both of these 
models together (see Table 1.1). Factors influencing antimicrobial prescribing and 
usage behaviour are discussed throughout the thesis in terms of four domains: the 
intrapersonal, the interpersonal, the physical environment, and the social environment. 
Please see Table 1.1 for an overview of how these domains relate to the models used 
by Stokols (1992) and McLeroy et al (1988), along with some illustrative examples of 
the constructs that sit within each domain. 
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Table 1.1  
Adapted Social Ecological Framework Utilised in This Thesis 
Domains Used in This 
Thesis 
Examples of Domain 
Factors Within This 
Thesis  
Factors from Stokols’ (1992) Model Factors from McLeroy et al.’s (1988) Model 
Intrapersonal 
(Individuals) 
Beliefs, habits, 
emotions, knowledge, 
skills 
Biogenetic (e.g. immunological competence, 
cardiovascular reactivity, gender)  
Psychological (e.g. self-esteem, health locus of 
control, optimism) 
Behavioural (e.g., alcohol consumption, sleep 
patterns, safety practices) 
 
Intrapersonal (e.g. knowledge, attitudes, skills) 
Interpersonal 
(Individuals and groups 
in relation with other 
humans and animals) 
 
Peer relationships, 
professional 
relationships, social and 
prescribing norms 
 
None explicitly at this level Interpersonal (e.g. social networks such as 
family, friends, and work groups) 
Physical Environment Material resources, 
access to drugs/tests, 
time pressures, weather 
Geographic (e.g. climatic and geologic risks, 
ground-water contamination, restorative 
potential) 
Architectural and technological (e.g. injury-
resistant architecture, noise pollution, water 
treatment systems) 
 
None explicitly at this level 
Social Environment Industry pressures, 
economics, 
organisational culture, 
legislation 
Sociocultural (e.g. socioeconomic status, 
organisational or political instability, availability 
of health services) 
Institutional (e.g. organisational characteristics, 
rules, regulations) 
Community (e.g. relationships between 
organisations, institutions, and other networks) 
Public policy (at local, state, and national levels) 
Note. Examples presented are for illustrative purposes and are not intended to be exhaustive. 
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Social ecology has been recognised as a useful framework for informing 
health promotion interventions (Golden & Earp, 2012) and emphasises the need for 
interventions at multiple levels (Green et al., 1996). A key feature of a social 
ecological approach is that different levels within the ecosystem represent different 
targets for change, rather than simply different levels for intervention that are 
ultimately still aimed at changing the individual (McLeroy et al., 1988). To elaborate 
upon this difference, using a purely psychological perspective, individuals’ 
knowledge could be targeted through different levels of intervention, such as with 
one-to-one counselling, training sessions in the workplace, or mass media education 
campaigns. In contrast, using an ecological perspective would involve considering not 
just the individual as a target for change, but also other levels within the ecosystem; 
for example, a community-wide media campaign could be aimed at changing 
individuals’ knowledge or it could be aimed at changing a social norm. Using the 
five-level model from McLeroy et al (1988), targets for change at different levels 
could include individuals’ knowledge or beliefs (intrapersonal), prevailing social 
norms (interpersonal), organisational procedures or corporate values (institutional), 
levels of interagency cooperation and coordination (community), or regulations and 
policies (public policy). Targeting the physical environment could include changing 
the layout, adding or removing environmental cues to behaviour, or providing 
additional resources. An ecological model therefore emphasises the role of physical 
and social environments in influencing health behaviours and encourages the 
identification of environmental interventions, as well as intrapersonal and 
interpersonal ones, that ultimately help create physical and social environments that 
support healthier behaviours (McLeroy et al., 1988; Stokols, 1992). 
The utility of social ecological frameworks in human health contexts has been 
widely demonstrated across a range of health behaviours, including smoking, physical 
activity, and disease screening (Golden & Earp, 2012), and there have recently been 
calls for AMR to be addressed using an ecological public health lens that incorporates 
both social and biological ecology (Wallinga et al., 2015). There are far fewer 
examples of the application of social ecology within veterinary medicine, but a social 
ecological approach has been used to explore how farm vets make sense of 
biosecurity on farms, by identifying barriers at the individual, interpersonal, and 
physical and social contextual levels (Shortall et al., 2016). Social ecology has also 
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been used to identify barriers to and facilitators of dog vaccinations during an 
outbreak of canine rabies in Peru, highlighting opportunities for improved 
interventions across the individual, interpersonal, organisational, and community 
levels (Castillo-Neyra et al., 2017).  
The strength of the ecological approach in emphasising complexity and multi-
level factors is, however, also a potential limitation. At times, it may be impractical to 
fully utilise social ecology as a prescription for designing interventions, as higher-
level and multi-level interventions can be harder and more expensive to both evaluate 
and roll-out at scale (Golden & Earp, 2012; Green et al., 1996; Hagger & Weed, 
2019; Stokols, 1996). Social ecological frameworks represent a “meta-theoretical 
perspective” (M. Schneider & Stokols, 2009, p. 90) for understanding disease 
aetiology and health behaviours, and, as with the TDF (Cane et al., 2012), social 
ecological frameworks do not posit specific causal relationships between different 
elements within the frameworks. As such these frameworks do not generate their own 
testable hypotheses (Atkins et al., 2017; Green et al., 1996). Nonetheless, a social 
ecological framework can be a useful way of guiding research, and directing limited 
resources, towards different opportunities for leveraging change, beyond a focus on 
individual behaviour (Golden & Earp, 2012). Social ecological frameworks should be 
seen as heuristic devices for guiding and stimulating the formation of models of 
behaviour that incorporate multiple levels (M. Schneider & Stokols, 2009); the 
approach can then be used to focus health promotion efforts on “high-impact 
behavioural and organisational ‘leverage points’” (Stokols, 1996, p. 290).  
To summarise, social ecology is based on the premise that individuals exist as 
part of, and act within, a dynamic social ecosystem; behaviour cannot be fully 
understood without acknowledging various intrapersonal, interpersonal, and 
environmental factors across multiple levels, and the complex interactions between 
them (Green et al., 1996; McLeroy et al., 1988; Stokols, 1992, 1996). An adapted 
social ecological framework (see Table 1.1) has therefore been used in this thesis to 
synthesise existing literature on antimicrobial prescribing and usage behaviour in 
human and veterinary medicine and to incorporate the key findings from the empirical 
work reported in Chapters Two to Seven.   
1.4.6 Summary. Antimicrobials can be considered common resources; the 
tragedy of the commons suggests that the inappropriate use of antimicrobials is more 
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or less inevitable, as any benefits from inappropriate use are gained by the individual, 
whilst any costs from inappropriate use are experienced by wider society. A thorough 
understanding of the drivers of inappropriate use is therefore needed to help policy-
makers and others change the current incentive structure around the use of 
antimicrobials, to make it more costly for individuals to use antimicrobials 
inappropriately. Various psychological models can be utilised to inform research into 
the drivers of inappropriate use; each approach has different strengths and limitations. 
Given the complex nature of prescribing and usage decisions, which are influenced by 
a wide range of factors, this thesis makes use of an adapted social ecological 
framework to understand these decisions. The adapted framework considers 
influences on prescribing and usage in terms of the intrapersonal, the interpersonal, 
the physical environment, and the social environment. Before these influences are 
considered in detail (see Section 1.6), the next section outlines some examples of 
inappropriate antimicrobial prescribing and usage in humans and animals.  
 
1.5 Patterns of Antimicrobial Usage and Evidence of Inappropriate Prescribing 
Antimicrobial prescribing and usage represent complex behaviours that are 
influenced by a wide range of factors, both clinical and non-clinical. Prescribing and 
usage decisions in both human and veterinary medicine are influenced by clinical 
factors such as signs and symptoms, pharmacodynamics, and patient-related risk 
factors such as age, co-morbidities, or antimicrobial allergies (Coyne et al., 2019; 
Gibbons et al., 2013; Scherpenzeel et al., 2016; Servia-Dopazo & Figueiras, 2018; 
Teixeira Rodrigues, Roque, Falcão, Figueiras, & Herdeiro, 2013; Trubiano et al., 
2016). Non-clinical factors also influence prescribing and usage, although the extent 
of the evidence for this differs across human and veterinary medicine; there is a more 
advanced body of literature in relation to antimicrobial prescribing and usage 
decisions in human medicine. These non-clinical factors are discussed further in 
sections 1.7 to 1.12.  
There are some positive examples of prescribing trends reducing in human 
medicine (Curtis, Walker, Mahtani, & Goldacre, 2019; Frenk, Kit, Lukacs, Hicks, & 
Gu, 2016; Klein et al., 2018; PHE, 2019) as well as recent reductions in antimicrobial 
usage in livestock in some European countries (Carmo et al., 2017; V. F. Jensen, de 
Knegt, Andersen, & Wingstrand, 2014; Speksnijder, Mevius, Bruschke, & Wagenaar, 
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2015; VMD, 2018). Pressure in food supply chains, such as from produce buyers and 
retailers, is also driving change. For example, in the UK, industry targets to reduce 
agricultural use have been set and farm assurance schemes are increasingly adding 
stipulations that require farmers to reduce the use of certain classes of antimicrobials 
or adopt changes to treatment practices (P. J. Jones et al., 2015; Responsible Use of 
Medicines in Agriculture Alliance (RUMA), 2017). 
Nonetheless, the overall use of antimicrobials in humans is increasing globally 
(Klein et al., 2018; van Boeckel et al., 2014). As outlined in section 1.1.3, 
antimicrobial usage in animals represents a significant proportion of overall global 
usage (ECDC et al., 2017; Review on AMR, 2015a), and the demand for 
antimicrobials in livestock production is predicted to rise substantially over the 
coming decade (van Boeckel et al., 2015). There is considerable evidence of 
inappropriate prescribing and usage across both human and veterinary medicine, by 
both prescribers and users; this evidence will briefly be discussed in this section, 
before a more detailed consideration of the factors that can drive inappropriate 
prescribing and usage is presented in sections 1.7 to 1.12.  
1.5.1 Human medicine. Much research has explored patterns of antimicrobial 
usage in human medicine and there is considerable variation in prescribing (Curtis et 
al., 2019; Sikkens, Gerritse, Peters, Kramer, & van Agtmael, 2018; Yin et al., 2013; 
Zanichelli et al., 2018). Some of this variation is associated with demographic 
characteristics, including gender (Schröder et al., 2016), age (Francis, Hood, Lyons, 
& Butler, 2016), and socioeconomic status (Dallas et al., 2016; Pinder et al., 2015; 
Servia-Dopazo & Figueiras, 2018; Tun et al., 2016; M. R. Williams et al., 2018).  
Some of these variations may well reflect inappropriate prescribing. For 
example, in children presenting to UK primary care, antibiotic prescribing rates were 
within recommendations for upper respiratory tract infections (URTIs), but were 
above recommendations for tonsillitis and otitis media (M. R. Williams et al., 2018). 
Across 48 Dutch primary care practices, 46% of prescriptions for URTIs were found 
not to be indicated by guidelines (Dekker, Verheij, & van der Velden, 2015). A 
retrospective study in China found that 80% of patients with a cold were prescribed 
antibiotics and that this only reduced to 75% following the implementation of an 
antimicrobial stewardship policy (Xiao et al., 2016). Research from other settings, 
such as hospitals and long-term care facilities, also shows evidence of inappropriate 
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prescribing (Bishop, Schulz, Kong, James, & Buising, 2019; Carrara, Pfeffer, 
Zusman, Leibovici, & Paul, 2018; van Houten et al., 2019). 
There is also evidence from surveys that members of the public self-medicate, 
often without a prescription, suggesting that much of this use is likely to be 
inappropriate. For example, 40% of students in one Chinese university had self-
medicated in the previous six months (Lv et al., 2014) and 35% of students from four 
universities in Pakistan admitted to self-medication with antibiotics (Zafar et al., 
2008). Self-medication was consistently admitted to by survey participants across ten 
European countries and Israel, although attitudes towards self-medication varied 
between countries (Grigoryan et al., 2007). Furthermore, members of the public may 
store antimicrobials at home, as well as purchase them without prescription or share 
them with family members (Cortez et al., 2017; Erku, Mekuria, & Belachew, 2017; 
Ivanovska, Zdravkovska, Bosevska, & Angelovska, 2013) and it is common for 
people to stop their treatment course when symptoms begin to resolve (Belkina et al., 
2014; Cortez et al., 2017).  
1.5.2 Veterinary medicine. As with human medicine, there is considerable 
variation in the amount of antimicrobials that are used in livestock and companion 
animals, both between countries and between species (Cuong, Padungtod, Thwaites, 
& Carrique-Mas, 2018; De Briyne, Atkinson, Pokludová, & Borriello, 2014; Grave et 
al., 2014; Joosten et al., 2019; Postma et al., 2015; Redding, Lavigne, Aceto, & 
Nolen-Walston, 2019; van Boeckel et al., 2015). There is also between-country and 
between-sector variation with regards to the use of antimicrobial susceptibility 
testing; for example, vets working in Sweden are more likely to use such tests 
compared with vets from six other European countries (De Briyne, Atkinson, 
Pokludová, Borriello, & Price, 2013).  
There is evidence that vets and farmers use antimicrobials inappropriately. For 
example, cattle vets in Italy reported regularly using antimicrobials prophylactically, 
before the onset of clinical signs, for calf scours, respiratory disease, and mastitis 
(Busani et al., 2004). A survey of companion animal vets in Belgium found that 
prescribing guidelines are not always adhered to (van Cleven et al., 2018) and there is 
evidence of inappropriate dosing in both companion animal practice in the UK 
(Hughes et al., 2012) and by vets on pig farms in Austria (Trauffler, Griesbacher, 
Fuchs, & Köfer, 2014). Although antimicrobials are prescription-only veterinary 
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medicines in the UK and many other countries, farmers can and do regularly 
administer antimicrobials without direct veterinary supervision or veterinary 
involvement, and there are gaps in farmers’ knowledge about AMR (Cattaneo et al., 
2009; P. J. Jones et al., 2015; Obaidat et al., 2018; Ojo et al., 2016; Sadiq et al., 2018). 
It seems likely that at least some of this unsupervised use is inappropriate. For 
example, amongst ruminant farmers in Malaysia, 71% of those surveyed believed that 
all sick animals should receive antimicrobials (Sadiq et al., 2018), whilst farmers 
surveyed in Jordan ranked price as more important than veterinary advice when 
choosing antimicrobials for treating dairy cows (Obaidat et al., 2018). Furthermore, 
there is evidence that farmers do not always correctly dose their animals (Om & 
McLaws, 2016; Relun, Guatteo, Auzanneau, & Bareille, 2013). 
1.5.3 Summary. It is evident that across all countries, and in various contexts, 
there is inappropriate prescribing and usage of antimicrobials in both humans and 
other animals. It is likely that much of this variation is due to non-clinical influences, 
such as individual differences in beliefs or emotions, social influences from peers or 
clients and patients, and factors in the physical or social environments. These non-
clinical influences on prescribing and usage will be explored in detail across the 
remaining sections of this literature review, first in human medicine and then in 
veterinary medicine.  
 
1.6 Empirical Literature Review: Introduction  
Increasing antimicrobial stewardship will require a good understanding of the 
non-clinical factors that drive inappropriate prescribing across both domains of 
medicine. In the following sections, a brief overview of key findings about these non-
clinical drivers in human medicine is presented, first for doctors (section 1.7) and then 
for the general public (section 1.8). This is then followed by a more detailed and 
nuanced consideration of the current evidence surrounding the different non-clinical 
influences on prescribing and usage decisions by companion animal vets and pet 
owners (sections 1.9 and 1.10), and by farm vets and farmers (sections 1.11 and 1.12).  
The focus of this thesis is on how antimicrobial prescribing and usage 
decisions are made within a UK context, so the emphasis in this review is on research 
that considers the drivers of inappropriate prescribing and usage in similar contexts, 
such as Europe and the USA. It should be noted, however, that most of the existing 
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research, especially for veterinary medicine, is focused on HICs, with a real paucity 
of published research exploring these issues in LMICs. The adapted social ecological 
framework outlined in section 1.4.5 has been used to structure this review of the 
empirical literature; factors that influence prescribers’ and users’ decisions are 
considered in terms of the intrapersonal, the interpersonal, the physical environment, 
and the social environment. Although findings are similar, in that there is evidence for 
all four levels of the social ecological framework across all six groups considered 
here, the evidence presented from human medicine is mostly based on large-scale 
studies and systematic reviews, whereas as the evidence presented from veterinary 
medicine is based predominantly on smaller-scale studies and almost no literature 
reviews, indicative of the more advanced nature of research into AMR and 
antimicrobial stewardship in human medicine. 
1.6.1 A note on veterinary medicine. A growing body of research is starting 
to explore the various drivers of inappropriate antimicrobial prescribing and usage in 
veterinary medicine. Much of the veterinary medicine research has been published 
from 2015 onwards, when the programme of research for this thesis commenced. 
Compared to human medicine, however, there remain far fewer published studies and 
most of these are qualitative studies and surveys. Two systematic reviews have been 
published in this area (Buller et al., 2015; Hockenhull et al., 2017), but these reviews 
highlight that most studies that had explored prescribing and usage decisions in 
veterinary medicine to that point were focused on patterns of use and clinical drivers 
of treatment decisions, rather than non-clinical drivers.  
Whilst there are many similarities between human and veterinary medicine, 
there are some contextual differences between the practice of human and veterinary 
medicine that are worth noting. The first of these differences relates to the different 
governance structures of human and veterinary medical services in the UK, which 
likely impacts on prescribing and treatment practices. In the UK, most antimicrobial 
prescribing for humans happens within the institution of the National Health Service 
(NHS) and best practice guidelines can be formalised by national bodies such as the 
National Institute for Health and Care Excellence (NICE) and cascaded through the 
NHS. Furthermore, the NHS provides a setting for national antimicrobial stewardship 
policies to be implemented at scale, such as financial incentives targeted at hospital 
trusts or the Clinical Commissioning Groups that are responsible for the provision of 
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primary care in England. In contrast, no equivalent national bodies or institutions 
exist in the UK for veterinary medicine. Although national professional and industry 
bodies such as the BVA or RUMA have produced guidance on antimicrobial 
stewardship in veterinary medicine, these bodies do not carry the same regulatory or 
institutional weight as the various bodies that constitute human healthcare provision 
in the UK.  
Other differences between the practice of veterinary and human medicine are 
related to the nature of livestock farming. Firstly, farm vets more often have to 
consider the health of a group of animals, compared to companion animal vets or 
doctors and nurse prescribers; this leads to widespread prophylactic and 
metaphylactic treatment in livestock medicine, some of which is likely to be 
inappropriate in terms of antimicrobial stewardship. Secondly, antimicrobials are 
sometimes used to compensate for issues of poor husbandry, inadequate housing, or a 
lack of skilled labour to properly care for animals. Thirdly, vets and farmers have to 
consider the milk and meat withdrawal periods associated with antimicrobial 
products. A withdrawal period refers to the length of time that milk or meat from an 
animal treated with antimicrobials cannot be sold after treatment has ceased, in order 
to minimise the risk of antimicrobial residues being present in the produce. Different 
antimicrobials have different withdrawal periods, ranging from a zero day withdrawal 
period (meaning milk can still be sold, and animals can still be sent for slaughter, 
even during treatment) to a few days or even two weeks after cessation of treatment. 
Withdrawal periods on antimicrobials can affect whether or not an animal is treated, 
or what product is selected for treatment; this can impact stewardship in cases where a 
less responsible antimicrobial choice has a shorter withdrawal period than a more 
responsible choice, or where treatment is ceased early to lessen a withdrawal period.  
1.6.2 Summary. This section has introduced the structure of the empirical 
literature review that is presented below. It has also highlighted some of the 
differences between human and veterinary medicine as practiced in the UK. In the 
following six sections, the main empirical literature review is presented, using the 
social ecological framework outlined in section 1.4.5 to structure current evidence 
about how prescribers (doctors, companion animal vets, and farm vets) and users 
(human patients, pet owners, and farmers) are influenced in their prescribing and 
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usage decisions at four levels: the intrapersonal, the interpersonal, the physical 
environment, and the social environment. 
 
1.7 Drivers of Inappropriate Antimicrobial Prescribing by Doctors and Other 
Human Medicine Prescribers  
Antimicrobial prescribing decisions by GPs and hospital doctors have been 
extensively researched, and decisions by other groups such as pharmacists and nurse 
prescribers have also been explored. There is good evidence from systematic reviews 
and other empirical studies that prescribers in human medicine are influenced by a 
wide range of non-clinical factors. This section reviews some of this evidence and an 
overview of these factors is presented in Table 1.2, organised within the social 
ecological framework. 
 
Table 1.2 
Factors Influencing Doctors’ Antimicrobial Prescribing Decisions 
Social Ecological Level Influencing Factors 
Intrapersonal Knowledge. Beliefs about AMR and own prescribing. Habit. 
Clinical experience. Cognitive biases. Emotions. Risk 
perceptions. Clinical uncertainty. 
Interpersonal Interactions and relationships with patients. Professional 
relationships with peers and senior colleagues. Prescribing 
norms. Professional identity. 
Physical Environment Time pressures. Geographic location. Lack of access to 
drugs, diagnostic tools, staff. Poor hygiene. Weather. 
Social Environment Patient socioeconomic status. Economics of healthcare 
business. Pharmaceutical marketing. Guidelines. 
Regulations. Financial incentives. 
 
1.7.1 Intrapersonal factors. Prescribing by doctors and other prescribers in 
human medicine is influenced by various intrapersonal factors including knowledge 
and beliefs about AMR, risk perceptions, cognitive biases, emotions, and habit.  
Knowledge and beliefs about AMR and responsible prescribing vary between 
doctors and in some cases are associated with prescribing patterns. For example, 
ignorance about the links between overprescribing and AMR, and lower levels of 
training, are associated with higher rates of prescribing and dispensing (Servia-
 47 
Dopazo & Figueiras, 2018; Teixeira Rodrigues et al., 2013). Although prescribers 
believe AMR is a serious problem that is getting worse, many believe it is a bigger 
problem at the global, national, or local level, compared to within their own practice 
(Labi et al., 2018; McCullough, Rathbone, Parekh, Hoffmann, & Del Mar, 2015; 
Nicholson et al., 2018). Some doctors believe that AMR is a problem that is outside 
their control (Broom, Broom, & Kirby, 2019; McCullough et al., 2015), and the link 
between their own prescribing and increased AMR is not immediately accessible or 
obvious during decision-making (Krockow et al., 2019). Intentions to reduce 
prescribing, do not, however, appear to predict doctors’ prescribing behaviour 
(Lambert et al., 1997; Liu, Liu, Wang, Deng, et al., 2019). 
There is some evidence for the role of non-reflective cognitive processes in 
doctors’ prescribing. Habit is correlated with treatment decisions in primary care 
(Potthoff et al., 2019) and previous clinical experiences are important influences on 
GPs’ prescribing, especially if they have had a negative experience from withholding 
antimicrobials (Tonkin-Crine et al., 2011). Doctors’ diagnostic and treatment 
decisions are also influenced by cognitive biases, including risk aversion, anchoring 
and framing effects, and confirmation bias (Saposnik, Redelmeier, Ruff, & Tobler, 
2016).  
Doctors’ prescribing decisions are also influenced by emotional aspects of the 
decision and their perceptions of risk. Clinical uncertainty means prescribing 
decisions can be emotionally fraught, especially for junior doctors (Mattick, Kelly, & 
Rees, 2014), and fear of making the wrong decision, either for patient outcomes or for 
their own reputation and career, is consistently reported by prescribers across 
different contexts and countries (Krockow et al., 2019; Pinder et al., 2015; Servia-
Dopazo & Figueiras, 2018; Tebano et al., 2018; Teixeira Rodrigues et al., 2013; 
Tonkin-Crine et al., 2011). Immediate risks to patients are far more salient to 
prescribers than future risks from AMR (Broom et al., 2019; Hayward, Moore, 
Mckelvie, Lasserson, & Croxson, 2019; Krockow et al., 2019) and doctors may be too 
quick to prescribe for colds if they believe antibiotics can prevent complications (Md 
Rezal et al., 2015). Risk perceptions also vary; for example, junior doctors report 
higher levels of risk perceptions than senior colleagues, meaning they may be more 
likely to prescribe in situations of clinical uncertainty (Krockow et al., 2019).  
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1.7.2 Interpersonal factors. Prescribing decisions in human medicine are 
influenced by a number of interpersonal factors. Prescribers are influenced by their 
relationships with patients and colleagues, by prescribing norms, and by concerns 
about protecting their professional identities.  
Interactions and relationships with patients are a key influence on prescribers’ 
decisions. For example, perceived pressure and expectations from patients can 
increase prescribing and dispensing (Pinder et al., 2015; Sakeena, Bennett, & 
McLachlan, 2018; Servia-Dopazo & Figueiras, 2018; Teixeira Rodrigues et al., 2013) 
and concerns about patient adherence can lead to changes in prescribing plans 
(Krockow et al., 2019). Writing a prescription is sometimes seen as central to a 
doctor’s professional identity and to performing a successful consultation with a 
patient (Krockow et al., 2019; Pinder et al., 2015) and doctors may sometimes 
prescribe to avoid potential conflict with patients (Tonkin-Crine et al., 2011). 
Protecting relationships with patients and their carers is especially important to 
doctors working in private healthcare systems (Krockow et al., 2019). There is, 
however, evidence that doctors’ beliefs about patient expectations are poorly matched 
to patients’ actual expectations (Biezen, Grando, Mazza, & Brijnath, 2019; Cho, Soo-
Jong, & Park, 2004; Coenen et al., 2013). 
Colleagues also influence the decisions of prescribers, as prescribers seek to 
protect their professional relationships with peers, maintain or enhance their 
professional identity, and conform with local prescribing norms. Relationships with 
other professionals such as nurses or pharmacists can influence doctors’ prescribing 
(Broom et al., 2019; Papoutsi et al., 2017). Supervisors and senior doctors have an 
especially influential role on prescribing norms in hospitals and the hierarchies that 
exist within and between medical teams can be a barrier to improved prescribing 
(Broom et al., 2019; Charani et al., 2011; Mattick et al., 2014; Papoutsi et al., 2017; 
Pinder et al., 2015). The opinions and actions of peers may be more important to GPs 
than guidelines (Tonkin-Crine et al., 2011) and hospital doctors acknowledge they 
sometimes just follow the routines of colleagues in their prescribing decisions 
(Warreman et al., 2019). Doctors may prescribe to protect their own professional 
reputation (Broom et al., 2019) and junior doctors are especially motivated to develop 
and protect their professional identities as competent doctors (Krockow et al., 2019) 
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as they are concerned about making prescribing errors (Mattick et al., 2014) or being 
criticised by senior colleagues (Papoutsi et al., 2017). 
1.7.3 Physical environment factors. The physical environment within which 
prescribers work can also influence prescribing decisions, with two key areas 
identified: time pressures and issues around access to resources.  
Across all settings, time pressures are commonly mentioned by doctors as 
influencing their prescribing (Liu, Liu, Wang, & Zhang, 2019; Mattick et al., 2014; 
Pinder et al., 2015; Teixeira Rodrigues et al., 2013). Prescribing can be a way of 
managing consultations and keeping them short (Tonkin-Crine et al., 2011) and can 
help reduce the cognitive demands of decision-making when doctors are under time 
pressures (Krockow et al., 2019). The time of day and week may also be important; 
prescribing rates and appropriateness can differ throughout the day (Linder et al., 
2014; Sikkens, Gerritse, et al., 2018) and GPs may be more likely to prescribe 
antimicrobials on a Friday (Salm et al., 2018) although this pattern is not always in 
evidence (Pouwels, Dolk, Smith, Robotham, & Smieszek, 2018). 
Access to various healthcare resources can also affect prescribing decisions. 
There are differences in prescribing patterns within countries (Mölter et al., 2018) and 
working in a rural location, which can bring issues such as staff shortages and lack of 
resources, is associated with higher and less appropriate antimicrobial prescribing 
(Bishop et al., 2019; Broom et al., 2019; Liu, Liu, Wang, & Zhang, 2019). Diagnostic 
tools are not always routinely used or used in line with recommendations (Livorsi, 
Comer, Matthias, Perencevich, & Bair, 2016; Skodvin et al., 2019), and the time 
delays in receiving diagnostic results are often cited as a barrier to increased use of 
diagnostics (Krockow et al., 2019; Skodvin, Aase, Charani, Holmes, & Smith, 2015). 
Lack of access to diagnostic equipment is often an issue in LMICs (Laxminarayan et 
al., 2013; Om et al., 2016), but can also be a barrier in HICs, for example in contexts 
such as long-term care facilities (Fleming et al., 2014). In addition to access issues 
with drugs and other resources (Laxminarayan et al., 2013; Om et al., 2016), 
prescribers in LMICs can be faced with additional challenges around poor hygiene 
and IPC practices both within the community and healthcare settings (Om et al., 2016; 
Review on AMR, 2016a). Finally, climatic and weather conditions can influence the 
general disease burden in a given population, which in turn can influence the demands 
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upon local healthcare facilities for antimicrobials (Sahoo, Tamhankar, Johansson, & 
Stålsby Lundborg, 2010). 
1.7.4 Social environment factors. Finally, the social environment also 
influences prescribing decisions in human medicine. Influencing factors include 
patient socioeconomic status, healthcare business pressures, pharmaceutical 
marketing, guidelines, regulations, and financial incentives. 
Economic factors, such as the patient’s socioeconomic status or business 
revenues, can affect prescribing decisions. For example, antimicrobials may be seen 
by prescribers as a low-cost method of managing consultations and conditions (Pinder 
et al., 2015; Teixeira Rodrigues et al., 2013) and the economic and social situation of 
a patient can influence prescribing and dispensing (Mölter et al., 2018; Pinder et al., 
2015; Servia-Dopazo & Figueiras, 2018; Teixeira Rodrigues et al., 2013). Pharmacy 
owners sometimes exert pressure on their workers to dispense inappropriately and 
workers may also dispense based on financial benefit to the pharmacy (Sakeena et al., 
2018; Servia-Dopazo & Figueiras, 2018). Furthermore, marketing and pressure from 
pharmaceutical companies can influence prescribing decisions, although this is not 
always the case (Md Rezal et al., 2015; Teixeira Rodrigues et al., 2013). 
The presence (or absence) of guidelines, regulations, and financial incentives 
can also impact on prescribing decisions, but the existence of guidelines and 
regulations does not always lead to greater antimicrobial stewardship by doctors and 
other prescribers. For example, weak regulation of medicines and a shortage of 
qualified pharmacists is associated with inappropriate sales in some LMICs (Sakeena 
et al., 2018) and the introduction of new regulations does not always drive anticipated 
changes in prescribing patterns (Touboul-Lundgren, Bruno, Bailly, Dunais, & Pradier, 
2017; Xiao et al., 2016). In both HICs and LMICs, prescribing guidelines and policies 
are not consistently used by prescribers, nor is the existence of guidelines consistently 
associated with responsible prescribing (Livorsi et al., 2016; Md Rezal et al., 2015; 
Tafa, Endale, & Bekele, 2017; Teixeira Rodrigues et al., 2013). There is evidence that 
doctors may be sceptical of guidelines (Om et al., 2016; Pinder et al., 2015; Tonkin-
Crine et al., 2011) and that prescribers exercise clinical judgement over guidelines 
(Charani et al., 2011; Fleming et al., 2014; Pinder et al., 2015). Some doctors feel 
stewardship policies do not fully recognise case complexity and in some instances are 
seen as largely irrelevant (Broom et al., 2019). Regulatory obligations to reduce 
 51 
healthcare-associated infections and implement antimicrobial stewardship guidelines, 
as well as financial penalties or incentives linked to infection and stewardship targets, 
can be effective in driving changes in prescribing patterns (Islam et al., 2018; PHE, 
2019; Trivedi, Dumartin, Gilchrist, Wade, & Howard, 2014).  
1.7.5 Summary. This section has briefly outlined how antimicrobial 
prescribing decisions in human medicine are influenced by a range of factors across 
the intrapersonal, interpersonal, physical environment, and social environment levels 
of the social ecological framework. The next section considers how antimicrobial 
usage decisions by the general public are influenced across these four levels.  
 
1.8 Drivers of Inappropriate Antimicrobial Usage by Patients and the Public 
This section provides an overview of the various factors that influence 
antimicrobial usage amongst members of the public. Much of the evidence comes 
from large-scale surveys, qualitative studies, and systematic reviews of these primary 
studies. An overview of these factors is presented in Table 1.3, organised within the 
social ecological framework. 
 
Table 1.3 
Factors Influencing Members of The Public’s Antimicrobial Usage Decisions 
Social Ecological Level Influencing Factors 
Intrapersonal Knowledge and beliefs about antimicrobials as safe 
medicines, about AMR, and about responsible antimicrobial 
usage. Beliefs about risks to society and own usage. 
Uncertainty. Previous experiences of illness resolution. 
Interpersonal Trust in doctors. Interactions between patients and doctors. 
Social networks. Social norms around accessing 
antimicrobial treatment. 
Physical Environment Clinic location. Time pressures. Receiving (or not) a 
prescription.  
Social Environment Work pressures. Childcare concerns. Cost of access to 
medics and medicines. Weak regulation.   
 
1.8.1 Intrapersonal factors. The use of antimicrobials by the public is 
influenced by a number of factors at the intrapersonal level. These include their 
knowledge and beliefs about responsible antimicrobial usage and about AMR, their 
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beliefs that antimicrobials are safe and effective, and a lack of awareness that their 
own behaviour can contribute to AMR. Members of the public are also influenced by 
uncertainty about symptoms and previous experiences of illness resolution.  
Knowledge about AMR and responsible antimicrobial usage appears to be 
generally poor amongst the general public, although knowledge and attitudes do differ 
between countries (European Commission, 2013; Grigoryan et al., 2007; Vallin et al., 
2016). A substantial proportion of the public incorrectly believe that AMR is 
something that happens to the human body (i.e. humans become resistant or ‘get used’ 
to antimicrobials), rather than being something that happens to microorganisms 
(Brookes-Howell et al., 2012; McCullough, Parekh, Rathbone, Del Mar, & Hoffmann, 
2016; Micallef et al., 2017; Pinder et al., 2015). Many members of the public 
incorrectly believe that antibiotics can be useful for viral infections, such as the 
common cold or influenza (Lv et al., 2014; McNulty, Boyle, Nichols, Clappison, & 
Davey, 2007; Pinder et al., 2015). Members of the public do, however, have some 
understanding that misuse and overuse can lead to antimicrobials becoming 
ineffective, even if their understanding of why is incorrect or incomplete (Duane et 
al., 2016; McCullough et al., 2016; Norris et al., 2013; van Hecke, Butler, Wang, & 
Tonkin-Crine, 2019).  
A lack of awareness of AMR and poor understanding of aetiology (such as the 
differences between bacteria and viruses) may well be an important driver of 
inappropriate use amongst the general public, especially where antimicrobials are 
available without prescription or with only minimal medical supervision (Grigoryan 
et al., 2007, 2008; Sakeena et al., 2018). Members of the public appear to have high 
confidence in the effectiveness and safety of antimicrobials (Alhomoud, Aljamea, & 
Basalelah, 2018; Hawkings, Butler, & Wood, 2008), sometimes viewing them as a 
quick fix (Bagnulo, Muñoz Sastre, Kpanake, Sorum, & Mullet, 2019) and a 
substantial proportion of the public believe antimicrobials can help cure self-limiting 
conditions such as URTIs quicker (Godycki-Cwirko et al., 2014; Gualano, Gili, 
Scaioli, Bert, & Siliquini, 2015; Pan et al., 2016). There is evidence that people will 
self-medicate with antimicrobials, either using up unfinished courses from previous 
infections, or by accessing antimicrobials without a prescription (Cortez et al., 2017; 
Grigoryan et al., 2007; Ivanovska et al., 2013; Lv et al., 2014; Pinder et al., 2015). 
Furthermore, members of the public frequently cease antimicrobial courses early, 
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once their symptoms begin to ease (Belkina et al., 2014; Cortez et al., 2017; Erku et 
al., 2017; Gualano et al., 2015), or because they view antimicrobials as ‘unnatural’, to 
be avoided as much as possible (Hawkings et al., 2008). 
Members of the public appear not to fully understand the potential risks from 
AMR, nor do they generally link their own usage to increased rates of AMR. There is 
evidence that members of the public may not associate their own use of antimicrobials 
with any level of risk to society (Brooks, Shaw, Sharp, & Hay, 2008; Pinder et al., 
2015). Instead, they lay the blame for AMR with GPs who prescribe antimicrobials 
too freely (Brooks et al., 2008; Pinder et al., 2015; van Hecke et al., 2019), with other 
patients who use antimicrobials incorrectly (Brooks et al., 2008), or with vets and 
farmers (Pinder et al., 2015). Furthermore, members of the public believe that AMR is 
something that is beyond their control to affect, and instead place their faith in 
scientists to solve AMR through the development of new drugs (Brooks et al., 2008). 
Finally, uncertainty about outcomes and previous experiences of antimicrobial 
treatment can influence usage patterns amongst members of the public. Uncertainty 
surrounding prognosis for childhood illnesses is a driver for parents, who seek 
reassurance and sometimes antimicrobials from GPs for their children (Cabral, Lucas, 
Ingram, Hay, & Horwood, 2015; Pinder et al., 2015). Past experiences of illness also 
influence future seeking of antimicrobial treatment; parents whose children have had 
URTIs that resolved without antimicrobials are less likely to seek antimicrobial 
treatment than those parents whose children had more severe infections that required 
antimicrobials to resolve symptoms (Cabral et al., 2015). Furthermore, when 
antimicrobials have been prescribed for a previous set of symptoms, members of the 
public feel more confident to self-medicate with antimicrobials if they experience a 
similar set of symptoms again (Alhomoud et al., 2018). 
1.8.2 Interpersonal factors. Several interpersonal factors influence the 
antimicrobial usage decisions of the public. These include having trust in doctors, the 
interactions between doctors and parents, individuals’ social networks, and the social 
norms around accessing antimicrobial treatment.  
Trust between patients and doctors is an important factor in patients’ 
acceptance of the doctor’s prescribing decision. For example, parents feel more 
accepting of GPs’ decisions about whether or not antimicrobials are necessary when 
they trust their doctor and they feel the doctor knows them and their child (Brookes-
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Howell et al., 2014). Not all patients with URTIs expect to receive antimicrobials 
from GPs; most are satisfied not receiving antimicrobials provided they do receive 
information and reassurance from the GP (Welschen, Kuyvenhoven, Hoes, & Verheij, 
2004). Patients seek advice from GPs as they trust their advice about diagnosis and 
symptoms (Duane et al., 2016), and GPs’ advice about antimicrobials may be more 
trusted by the public than advice from pharmacists and nurses (McNulty et al., 2016). 
Interactions between parents and doctors are especially important when the 
consultation is for a child; children are perceived as more vulnerable by parents and 
clinicians, and parents are often seeking reassurance from doctors (Cabral, Horwood, 
Hay, & Lucas, 2014; Cabral et al., 2015). Parents may lack confidence in their own 
ability to differentiate between serious and less serious conditions, but believe that 
doctors do possess this skill (Cabral et al., 2015), and parents are often less willing to 
take risks with their child’s health, compared to their own (Barker, Brown, Ahsan, 
Sengupta, & Safdar, 2017; Cabral et al., 2015). 
Social norms and social networks can also influence usage behaviours 
amongst the public. For example, parents report feeling conflicting social pressures 
when their child is ill; they are concerned about being judged as either an 
irresponsible parent if they do not consult a doctor or as wasting the doctor’s time if 
they do consult but the illness is self-limiting (Cabral et al., 2015). Some members of 
the public feel that friends and family approve of self-medication with antimicrobials 
(Widayati, Suryawati, de Crespigny, & Hiller, 2012) and in communities where self-
medication is common, people feel it is acceptable for them to also self-medicate 
without prescription (Alhomoud et al., 2018). People may be more willing to delay 
starting a prescription for antimicrobials, if they are told that the majority of patients 
also delay starting a prescription (Rönnerstrand & Andersson Sundell, 2015). Finally, 
individuals with more diverse social networks may be more likely to engage in self-
care behaviours and delay help-seeking from a doctor, than approach a doctor 
immediately for antimicrobials (Ellis, Vassilev, Kennedy, Moore, & Rogers, 2019). 
1.8.3 Physical environment factors. Interestingly, there is relatively little 
evidence, at least from studies directly with the public, about how the physical 
environment influences their antimicrobial usage, perhaps because the public do not 
consider the ever-present nature of microorganisms, and how the physical 
environment can influence the microbiome. Aspects of the physical environment that 
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are recognised by members of the public include the location of clinics, the time 
pressures associated with consulting healthcare professionals, and being in receipt of 
a prescription. 
There is some evidence that AMR is a problem that the public associate with 
poor hygiene in hospitals (Brooks et al., 2008; Pinder et al., 2015), which perhaps 
suggests members of the public are less cognisant of the pervasiveness of 
microorganisms across all environments, compared to doctors, vets, and farmers. The 
location of healthcare clinics and pharmacies can be a barrier to antimicrobial 
treatment, as the distance that some people have to travel to allopathic clinics or 
pharmacies can be burdensome in terms of time and costs (Alhomoud et al., 2018; 
Barker et al., 2017). Accessing antimicrobials without prescription is also seen as a 
way of saving time by some members of the public, as people do not have to wait for 
a consultation with a prescriber, or fit appointments around other commitments 
(Alhomoud et al., 2018; Widayati et al., 2012). Some members of the public also feel 
dissatisfied if they leave a consultation without an antimicrobial prescription as they 
feel it has been a waste of their time (Gaarslev, Yee, Chan, Fletcher-Lartey, & Khan, 
2016). Overcoming this dissatisfaction may be possible through the provision of 
alternative cues in the environment, such as when patients are given an information 
leaflet or witness doctors performing point-of-care tests to support their clinical 
decisions (Tonkin-Crine et al., 2014).  
1.8.4 Social environment factors. There is evidence for several aspects of the 
social environment influencing antimicrobial usage decisions amongst members of 
the public. These include work-related pressures, concerns about childcare, the cost of 
accessing healthcare professionals and medication, and weak regulatory systems.  
Aspects of daily life can feature in the public’s antimicrobial usage decisions. 
Some members of the public report that they cannot adhere to dosage regimens due to 
constraints at work or difficulties with childcare, such as not trusting carers to 
administer antimicrobials correctly (Hawkings et al., 2008). Employment and 
childcare concerns can also drive a demand for antimicrobials, such as when childcare 
facilities require children to have been treated with antimicrobials before they can be 
placed there by parents (Lucas, Cabral, Hay, & Horwood, 2015) or when parents and 
other members of the public feel under pressure to return to work (Bagnulo et al., 
2019; Lucas et al., 2015; Om, Daily, Vlieghe, Mclaughlin, & Mclaws, 2017). 
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The cost of accessing healthcare professionals and medication can be a barrier 
to responsible antimicrobial usage by some members of the public. For example, 
accessing antimicrobials without prescription is often cheaper than seeking a 
prescription from a medical practitioner (Sakeena et al., 2018; Widayati et al., 2012) 
and those on low incomes or without health insurance may be more likely to purchase 
fewer doses, resulting in incomplete treatment courses (Alhomoud et al., 2018; Barker 
et al., 2017; Om et al., 2017). Indeed, a range of socioeconomic factors, such as 
income, education, or per capita gross domestic product, are associated with 
antimicrobial usage by members of the public, at both an individual and a regional or 
country level (Anderson, 2018b; Barker et al., 2017; Grigoryan et al., 2008; 
Hoffmann, Ristl, Heschl, Stelzer, & Maier, 2014; Pan et al., 2016). 
Weak regulatory systems can also drive inappropriate usage amongst members 
of the public. For example, people may visit different dispensing outlets to seek 
different types of antimicrobials if they perceive their initial treatment to be 
ineffective (Om et al., 2017) and some individuals report packing antimicrobials when 
they travel abroad, in case they fall ill and cannot access antimicrobials without 
prescription (Alhomoud et al., 2018). Across Europe, countries judged to have a 
higher quality of general governance have lower antimicrobial usage (Gaygısız, 
Lajunen, & Gaygısız, 2017). 
1.8.5 Summary. This section has briefly outlined the evidence for how 
antimicrobial usage by members of the public is affected by factors across the four 
levels of the social ecological framework. The next section of the literature review 
will explore the current evidence for how prescribing decisions by companion animal 
vets are influenced, again using the social ecological framework to structure the 
findings.  
 
1.9 Drivers of Inappropriate Antimicrobial Prescribing by Companion Animal 
Veterinarians 
In this section, an overview of the evidence for factors influencing companion 
animal vets’ antimicrobial prescribing is presented. Most of this evidence comes from 
a small number of qualitative studies and surveys conducted in Western Europe, the 
USA, Canada, South Africa, and Australia. A summary of the evidence is presented in 
Table 1.4, organised within the social ecological framework.  
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Table 1.4 
Factors Influencing Companion Animal Vets’ Antimicrobial Prescribing Decisions 
Social Ecological Level Influencing Factors 
Intrapersonal Knowledge about stewardship. Beliefs about own 
prescribing. Emotions. Previous experiences. Habit. 
Interpersonal Interactions with animals. Interactions with pet owners. 
Prescribing norms.  
Physical Environment Diagnostic tests. Drug characteristics. Time pressures. 
Biosecurity.  
Social Environment Veterinary business concerns. Pet owners’ socioeconomic 
status. Pet insurance. Guidelines. Legislation. 
Pharmaceutical marketing. 
 
1.9.1 Intrapersonal factors. Evidence for intrapersonal influences on 
companion animal vets’ prescribing reflects four key areas, including their knowledge 
about antimicrobial stewardship, their beliefs about their own prescribing, their 
emotions, and their habits and previous experiences.   
Knowledge and awareness of the risks from AMR and the need for 
stewardship does exist within companion animal practice. For example, a Delphi 
study with UK-based veterinary experts found consensus that inappropriate 
prescribing, including ‘just in case’ prescribing and poor choice of first-line treatment, 
is a major driver of AMR in companion animal practice (Currie, King, Nuttall, Smith, 
& Flowers, 2018). A common view from the UK and the Netherlands is that more 
recently qualified companion animal vets have greater awareness of AMR and the 
need for stewardship than those who have been qualified for longer, and newer vets 
can sometimes be a driving force for change within a practice (Hopman et al., 2018; 
King et al., 2018; Mateus et al., 2014). There are, however, some gaps in knowledge; 
inappropriate antimicrobial prescribing is sometimes driven by a lack of knowledge 
around infectious disease processes amongst companion animal vets, or when vets 
feel the current evidence about treatment options is inconclusive (Mateus et al., 2014).  
Companion animal vets’ beliefs about their own practices are also likely to 
influence their prescribing and stewardship behaviours. In a survey of 184 companion 
animal, equine, or bovine vets in Australia, 50% believed that veterinary 
antimicrobial usage contributed moderately to AMR; however, over 60% believed 
their own usage made only a minimal contribution to AMR (Hardefeldt, Gilkerson, et 
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al., 2018). There is also some scepticism among companion animal vets over the 
contribution of antimicrobial usage in pets to AMR, especially as the volumes of 
antimicrobials used in companion animal medicine are small compared to farm 
animal or human medicine (Hardefeldt, Gilkerson, et al., 2018; Hopman et al., 2018).  
Emotions also factor into companion animal vets’ prescribing decisions. 
Inappropriate antimicrobial prescribing can be driven by fear of missing a potential 
infection, or fear of disciplinary action by professional bodies if clients complain 
(King et al., 2018). Vets are also concerned about protocols designed to improve 
prescribing as they are fearful of a potential loss of clinical autonomy from such 
protocols (Mateus et al., 2014). Fear can either increase or decrease antimicrobial 
prescribing, depending on the most salient risk. For example, as well as the fear 
associated with withholding antimicrobial treatments, which can drive inappropriate 
prescribing, some companion animal vets also discuss fears related to adverse side 
effects from antimicrobials, which sometimes prevents them prescribing from 
antimicrobials when they are not certain the benefits outweigh the risks (Hopman et 
al., 2018).  
Finally, there appears to be consistent evidence across these few studies that 
previous experiences and habits are important factors in companion animal vets’ 
prescribing. Clinical experience was listed as an important driver of prescribing 
behaviour in a large survey of 3,004 companion and farm animal vets across Europe 
(De Briyne et al., 2013). Prescribing is also influenced by companion animal vets’ 
personal preferences for certain antimicrobials they have used before, as well as by 
previous prescriptions given to a patient (Hopman et al., 2018; Mateus et al., 2014). 
Willingness to consider recommending an alternative treatment plan that does not 
involve antimicrobials is also dependent on vets’ preferences and experiences with 
trying those alternatives (Hopman et al., 2018). Companion animal vets report that 
habitual patterns in their prescribing build up over time and that this can be hard to 
overcome, even when those habits might be considered inappropriate (Hopman et al., 
2018; King et al., 2018). 
1.9.2 Interpersonal factors. At the interpersonal level, companion animal 
vets’ prescribing decisions are influenced by their interactions with their animal 
patients and their human clients, and by prescribing norms amongst their veterinary 
colleagues.  
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First, the characteristics of the patient influences companion animal vets’ 
treatment plans and choice of antimicrobial. In the case of larger animals, where doses 
can be greater and more costly, vets might choose to prescribe cheaper antimicrobials 
(Hopman et al., 2018; Mateus et al., 2014). If an animal is considered aggressive, 
companion animal vets will more often choose a long-acting injectable option, and 
some state they are more likely to treat with antimicrobials to avoid follow-up 
consultations, even when there is clinical ambiguity about the necessity of 
antimicrobials (Hopman et al., 2018). This is similar to farm vets, who also consider 
the temperament of an animal when making their prescribing decisions (Gibbons et 
al., 2013).  
Second, the interactions and relationships between vets and their clients are an 
important influence on decision-making. Companion animal vets report both 
perceived and actual pressure from pet owners to prescribe antimicrobials (Hopman et 
al., 2018; M. Smith et al., 2018). Whilst most vets in one UK study reported they did 
not yield to client pressure (Mateus et al., 2014), other UK-based companion animal 
vets admit they do sometimes prescribe ‘just in case’ in response to perceived client 
anxiety for their pet’s wellbeing (M. Smith et al., 2018). Vets in Australia also report 
perceiving pressure from clients to prescribe antimicrobials (Hardefeldt, Gilkerson, et 
al., 2018). Establishing a trusting relationship and possessing the ability to 
communicate clearly and confidently with clients about the appropriateness of 
antimicrobial therapy is seen by vets as key to being able to challenge clients’ 
expectations for antimicrobials (Currie et al., 2018; M. Smith et al., 2018).  
Finally, vets can also be influenced both directly and indirectly by the 
prescribing behaviour and expectations of their colleagues. Some companion animal 
vets report feeling pressure to prescribe in line with perceived prescribing norms in 
their practice, which can be driven by senior vets (M. Smith et al., 2018), although not 
all vets report feeling pressure from senior vets in their practices (Mateus et al., 2014). 
Companion animal vets also acknowledge that even if they do not want to prescribe 
antimicrobials, they sometimes do so because they believe a colleague might overrule 
their decision (Hopman et al., 2018). Indirect peer influence is also evident in clinical 
advice from colleagues and previous prescriptions on patients’ records (Hardefeldt, 
Gilkerson, et al., 2018; Mateus et al., 2014). Importantly, however, some vets feel 
they can influence their colleagues’ prescribing behaviour by advocating for 
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responsible use and by encouraging sharing of best practice from new graduates or 
from postgraduate learning (King et al., 2018). Clinical effectiveness meetings appear 
to present one such opportunity to share evidence and agree antimicrobial prescribing 
protocols within a companion animal practice (Mateus et al., 2014). 
1.9.3 Physical environment factors. There is some evidence regarding 
factors within the physical environment that influence the prescribing decisions of 
companion animal vets. These include the current nature of diagnostic tests, drug-
related features, time pressures, and the effectiveness of biosecurity practices. 
The lack of availability of cheap and rapid diagnostic tests is a barrier to 
increased stewardship in companion animal medicine, and usage of existing tests 
appears to be low. For example, in a survey in Washington State, USA, only 17% of 
companion animal vets reported that they regularly used some form of culture and 
sensitivity test (Fowler et al., 2016). Like doctors and farm vets, companion animal 
vets also recognise the value of diagnostic tests for reducing overall antimicrobial 
prescribing, but they consistently cite the cost of tests and the delays in waiting for 
results as key barriers to increasing their use of diagnostic testing (Fowler et al., 2016; 
Hardefeldt, Gilkerson, et al., 2018; Hopman et al., 2018; King et al., 2018; Mateus et 
al., 2014). The time taken to wait for test results is also a barrier to increasing the 
amount of narrow-spectrum antibiotics that are prescribed; vets report often choosing 
to prescribe a broad-spectrum antibiotic rather than wait for test results to guide 
antibiotic choice (Mateus et al., 2014). Companion animal vets state they are more 
likely to use tests when there is a recurrent or persistent infection (Fowler et al., 2016; 
Hardefeldt, Gilkerson, et al., 2018).  
In addition to spectrum of action, other drug-related factors may influence 
prescribing choices. For example, companion animal vets in both the UK and the 
Netherlands report that their choices can be restricted by what is immediately 
available (i.e. commonly stocked) by their practice or wholesaler (Hopman et al., 
2018; Mateus et al., 2014). The practicality of administering doses of antimicrobials 
and ensuring treatment adherence, especially for cats, is also a consideration. 
Companion animal vets acknowledge that they sometimes prescribe a long-lasting 
injection for cats, even when the active ingredient might be a less responsible choice 
such as a third- or fourth-generation cephalosporin, to facilitate adherence (Hopman 
et al., 2018; King et al., 2018; Mateus et al., 2014). Ease of administration and owner 
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adherence to treatment have also been identified as key influences on prescribing 
choices by vets practicing across Europe and in South Africa (Chipangura et al., 2017; 
De Briyne et al., 2013; van Cleven et al., 2018). Furthermore, where companion 
animal vets are considering alternatives to antimicrobials, those alternatives need to 
be at least as easy for the owner to administer as the antimicrobials would be 
(Hopman et al., 2018). 
Time pressures also featured in companion animal vets’ accounts of 
prescribing experiences. For example, lack of time is considered a barrier to updating 
knowledge about best practice in antimicrobial prescribing and other aspects of 
evidence-based veterinary medicine (Mateus et al., 2014; Vandeweerd et al., 2012). 
The limited length of time in consultations is also cited as a barrier to both educating 
clients about alternatives to antibiotics and to conducting further investigations that 
could clarify a diagnosis (Hopman et al., 2018; King et al., 2018; Mateus et al., 2014). 
Maintaining good biosecurity is also considered a key facilitator for reducing 
prophylactic prescribing in companion animal surgery (King et al., 2018) and for 
driving improvements in antimicrobial stewardship (Currie et al., 2018), but time 
pressures and lack of access to hand hygiene equipment have been identified as 
barriers to consistently performing hand hygiene behaviours in veterinary hospitals 
(Kupfer et al., 2019).  
1.9.4 Social environment factors. The social environment is also an 
influencing factor for companion animal vets’ prescribing. The evidence suggests that 
business concerns, the socioeconomic status of clients, pet insurance, legislation, 
prescribing guidelines, and pharmaceutical marketing can affect prescribing.  
Companion animal vets can perceive market pressures and economic threats to 
their veterinary businesses from withholding antimicrobial therapy. Some companion 
animal vets in the UK are concerned about the potential for losing clients to other 
practices if they do not administer antimicrobials, as they believe pet owners may be 
dissatisfied if they leave without an active treatment plan (King et al., 2018; M. Smith 
et al., 2018). Vets experience a tension between stewardship principles and the need 
to maintain client satisfaction; this tension can pull companion animal vets’ 
prescribing away from stewardship best practice (King et al., 2018; M. Smith et al., 
2018). It should be noted, however, that perceived client dissatisfaction and related 
business threats may only be perceived, rather than actual, as pet owners in one study 
 62 
did not report any disagreements with vets that had resulted in them changing to 
another practice (M. Smith et al., 2018). 
Other studies have suggested that vets are less concerned about potential 
threats to their businesses from withholding antimicrobials. In Australia, fear of 
competition between practices is less of a concern for companion animal vets, than 
for equine and bovine vets (Hardefeldt, Gilkerson, et al., 2018). In one qualitative 
study from the UK, only a minority of vets raised the issue of prescribing 
inappropriately in response to perceived pressure from clients and concerns about 
protecting their business (Mateus et al., 2014). The evidence about whether 
antimicrobials are prescribed to pets inappropriately in order to protect the veterinary 
business is therefore mixed. Furthermore, although some companion animal vets may 
be worried about the financial impact of losing a client, survey data from Australia 
suggest that profit directly related to sales of antimicrobials is not driving 
inappropriate prescribing, at least for most vets (Hardefeldt, Gilkerson, et al., 2018). 
Economic factors may, however, have another kind of influence in companion 
animal vets’ prescribing decisions, as the perceived ability of clients to pay for 
treatment may affect vets’ treatment plans. In a survey of companion animal vets in 
the USA and Canada, 47% reported that their treatment options for patients were 
affected on a daily basis by the economic limitations of clients (Kipperman et al., 
2017). Vets in the UK who work in clinics in areas of lower or mixed socioeconomic 
status report that less than 10% of pet owners have pet insurance compared to around 
75% of pet owners in clinics in higher socioeconomic status areas (Mateus et al., 
2014). Although most vets in this study reported that they offered the same treatment 
plans regardless of an owner’s socioeconomic status, they also admitted they might 
change to a cheaper, less effective treatment option if an owner expressed concerns 
about cost (Mateus et al., 2014). In the Netherlands, vets report that for those clients 
with pet insurance, diagnostic tests are easier to perform, and that sometimes a more 
expensive antimicrobial will be prescribed (Hopman et al., 2018). During focus 
groups in Canada, vets expressed some scepticism about pet insurance, however, and 
acknowledged that in practices that are heavily dependent on insured patients, the 
insurance companies can potentially influence vets’ practice if the company changes 
their coverage policies (Coe, Adams, & Bonnett, 2007).  
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There is some evidence regarding the impact of legislation and prescribing 
guidelines on companion animal vets’ prescribing decisions. For example, Dutch law 
restricts the use of certain antimicrobials in animals, and companion animal vets 
report that they sometimes use these guidelines as a tool to help resist pressure from 
clients for antimicrobials (Hopman et al., 2018). Nonetheless, other vets in the same 
study reported using restricted antimicrobials without having completed the legally 
required microbiological tests first (Hopman et al., 2018). This is not the only 
evidence demonstrating that even where guidelines exist, they are not always 
followed. In a survey of companion animal vets in Belgium, adherence with 
prescribing and treatment guidelines varied across five common clinical scenarios 
from 96.5% to 31.2% (van Cleven et al., 2018). Furthermore, awareness of UK 
treatment recommendations was low amongst vets in one study, and some of these 
vets were unaware that their own practices had written protocols related to 
antimicrobial prescribing (Mateus et al., 2014). In a survey of companion animal vets 
in South Africa, only 26.5% reported having any treatment protocols for antimicrobial 
prescribing in their practice (Chipangura et al., 2017). 
Finally, companion animal vets report sometimes being influenced by 
marketing from pharmaceutical companies (King et al., 2018), something that some 
doctors and farmers also report (Ekakoro, Caldwell, Strand, & Okafor, 2019; 
Ekakoro, Caldwell, Strand, Strickland, & Okafor, 2019; Md Rezal et al., 2015; 
Teixeira Rodrigues et al., 2013). In contrast, pig vets in Denmark and farm vets in the 
Netherlands stated that marketing from pharmaceutical companies had little to no 
influence on their choices (Eriksen, Smed, Klit, & Olsen, 2019; Postma et al., 2016).  
1.9.5 Summary. This section has explored the evidence relating to companion 
animal vets’ antimicrobial prescribing decisions across the four levels of the social 
ecological framework. Decisions are influenced at the intrapersonal level by vets’ 
knowledge, beliefs, emotions, previous clinical experiences, and habits. At the 
interpersonal level, their decisions are influenced by their interactions with animals 
and pet owners and by the prescribing norms of their veterinary colleagues. 
Considering the physical environment, companion animal vets are influenced by a 
lack of rapid diagnostic tests, by drug-related characteristics, by time pressures, and 
by levels of biosecurity. Finally, factors within the social environment that influence 
vets’ prescribing include concerns about their business, the socioeconomic status of 
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pet owners, pet insurance, legislation and guidelines, and marketing from 
pharmaceutical companies. In the next section, the antimicrobial usage behaviours of 
pet owners will be considered in terms of the social ecological framework.  
 
1.10 Drivers of Inappropriate Antimicrobial Usage by Pet Owners 
There is a dearth of research exploring the views of pet owners in relation to 
AMR and antimicrobial usage and prescribing, with only a handful of published 
studies in this area. This section presents an overview of this evidence, drawing from 
qualitative research conducted in the UK, the USA, and Canada, plus an observational 
study of pet owner treatment adherence from Canada. Conclusions drawn in this 
section are therefore especially tentative. A summary of these findings is presented in 
Table 1.5, organised within the social ecological framework.  
 
Table 1.5 
Factors Influencing Pet Owners’ Antimicrobial Usage Decisions 
Social Ecological Level Influencing Factors 
Intrapersonal Knowledge. Risk aversion. Emotions.  
Interpersonal Relationships with animals. Trust in vets.  
Physical Environment Dosing regimen. 
Social Environment Currently a lack of evidence in this domain. Potentially, 
financial costs of treatment.  
 
1.10.1 Intrapersonal factors. In terms of intrapersonal factors, the limited 
research with pet owners suggests that knowledge, emotions, and risk aversion may 
be relevant to their decisions about antimicrobial usage in their pets.  
Pet owners as a group have knowledge gaps about antimicrobial usage and 
AMR. For example, although most pet owners in a study in the USA could correctly 
name one factor that drives AMR, 60% of them also believe that resistance is 
something that occurs in the person or the animal, rather than the microbe (Redding & 
Cole, 2019). Amongst UK pet owners, AMR literacy is deemed to be low, with most 
participants not fully understanding what AMR is, and very few have any awareness 
of the risk to their pets from AMR or of the potential for interspecies transmission of 
resistant microorganisms (Dickson et al., 2019; M. Smith et al., 2018). Pet owners do, 
however, have an understanding that the inappropriate use of antimicrobials can be 
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harmful in some way, even if they do not fully understand what those consequences 
might be (Dickson et al., 2019; Redding & Cole, 2019; M. Smith et al., 2018). Indeed, 
pet owners appear to understand the importance of following treatment instructions 
and most report being adherent with administration protocols (Adams, Campbell, 
Waldner, Dowling, & Shmon, 2005; Redding & Cole, 2019). 
Risk aversion and emotion may also influence pet owners’ beliefs about 
antimicrobial usage. Most pet owners in an American study expressed risk aversion to 
clinical ambiguity and stated they would want their pet to receive antimicrobials even 
in situations where it was unclear whether antimicrobials would actually help treat an 
infection (Redding & Cole, 2019). Pet owners report intensely emotional relationships 
with their animals and pet owners in the UK also express a sense of wanting to treat 
their animals with antimicrobials, sometimes preventively, in order to ‘be on the safe 
side’ and avoid any potentially negative consequences (Dickson et al., 2019). The 
wellbeing of their animal is a central concern and pet owners place the immediacy of 
this emotional experience over and above any potential future risks from AMR (M. 
Smith et al., 2018).  
1.10.2 Interpersonal factors. Interpersonal factors, such as the relationships 
between pet owners and their animals, and the level of trust between pet owners and 
their vets, appear to be important in driving pet owners’ acceptance of antimicrobial 
prescribing decisions. 
Pet owners’ relationships with their animals are likely to be very important in 
the treatment they seek for them. For example, pet owners in the UK report 
unconditional love for their animals and feel a sense of protectiveness and “carer 
responsibility” towards their animals (Dickson et al., 2019, p. 50). They also report a 
sense of being quicker to accept antimicrobials for their animals compared to for 
themselves and appear to feel a sense of moral obligation to protect the health and 
welfare of their animals (Dickson et al., 2019) meaning they are sometimes motivated 
to seek antimicrobials ‘just in case’.  
One study that explicitly considered the interactions between UK pet owners 
and companion animal vets found that pet owners feel that vets sometimes promote 
antimicrobials unnecessarily, but despite this, they rarely reported challenging a 
prescription for antimicrobials (M. Smith et al., 2018). Indeed, there is evidence from 
qualitative data from the USA that pet owners do not always expect antimicrobials 
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and that they trust their vets and regard them as experts (Redding & Cole, 2019). In 
response to a hypothetical scenario in which a vet told an owner their pet did not 
require antimicrobials for the presenting infection, most owners reported that they 
would trust and accept the vet’s decision and not push for antimicrobials (Redding & 
Cole, 2019). Respecting the decisions made by vets was also reported by pet owners 
from the UK; they feel vets have the expertise (that they lack themselves) to be able 
to recommend the best treatment plans for their pets (M. Smith et al., 2018). It would 
seem then that the level of trust pet owners place in their vets is an important factor 
that companion animal vets could leverage to increase responsible prescribing in their 
own practices.  
1.10.3 Physical environment factors. There is currently little evidence about 
how the physical environment may influence pet owners’ antimicrobial usage; the 
only factor that appears to have been reported is that drug-related factors may 
influence owners’ adherence to treatment recommendations.  
One prospective study of adherence to antimicrobial treatment regimens in 
Canada recruited 90 dog owners whose dogs had been prescribed an antibiotic by a 
vet for an acute bacterial infection (Adams et al., 2005). At follow-up, electronic 
monitoring data from 59 owners revealed the dosing regimen significantly predicted 
adherence; those owners who had to dose their dogs once or twice a day were 
significantly more likely to adhere to treatment plans than those owners who had to 
administer three daily doses (Adams et al., 2005). Although there is likely bias in the 
data within this study (the clinics did not recruit during busy periods and clients had 
to commit to follow-up consultations), the study did measure adherence in multiple 
ways and the results support the conclusion that variation in the dosing requirements 
of treatment regimens can affect rates of treatment adherence amongst dog owners.  
1.10.4 Social environment factors. To the best of the author’s knowledge, 
there is no published evidence about how the wider social environment might 
influence pet owners’ antimicrobial usage behaviours. This is likely due to the lack of 
research with pet owners, rather than a lack of influence at the level of the social 
environment.  
There is, however, some evidence from focus groups around pet owners’ 
perceptions of the economics of veterinary costs more generally, with pet owners 
feeling that care of their animals should take precedence in treatment decisions over 
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potential financial costs (Coe et al., 2007). These findings from Canada indicate there 
may also be a mis-match between how vets and pet owners make sense of and value 
the costs associated with treatment. Vets appear to focus on the value of tangibles 
such as their time and services, whereas owners appear to focus more on the expected 
outcomes for their pet (Coe et al., 2007).  
1.10.5 Summary. The findings presented in this section are based on a very 
small number of studies; there are large gaps in the evidence surrounding pet owners’ 
views on responsible antimicrobial usage. Nonetheless, there is still tentative evidence 
that pet owners’ antimicrobial usage decisions are influenced by different factors 
across the social ecological framework. Knowledge, risk aversion, and emotions have 
been highlighted as potential influences at the intrapersonal level. Relationships with 
pets and trust in companion animal vets are likely to be important factors at the 
interpersonal level. There is almost no published evidence relating to the physical and 
social environment, but dosing regimens may be important, as may be financial costs 
associated with veterinary treatment. In the next section, the social ecological 
framework will be used to explore influences on the antimicrobial prescribing 
decisions made by farm vets. 
 
1.11 Drivers of Inappropriate Antimicrobial Prescribing by Farm Animal 
Veterinarians 
In this section, an overview of the evidence about the various factors that 
influence farm vets’ prescribing decisions is presented. Most of this evidence comes 
from qualitative studies and surveys from the UK, Europe, and the USA, and many 
studies are specific to the practice of veterinary medicine in the pig and dairy 
industries. A summary of these factors is presented in Table 1.6, organised within the 
social ecological framework.  
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Table 1.6 
Factors Influencing Farm Animal Vets’ Antimicrobial Prescribing Decisions 
Social Ecological Level Influencing Factors 
Intrapersonal Knowledge about AMR and stewardship. Scepticism of 
agricultural contribution to AMR. Intentions to prescribe. 
Habit. Previous experience. Emotions. Risk perceptions.  
Interpersonal Concerns for animal welfare. Relationships with farmers. 
Trust (or not) in farmer knowledge and skills. Pressure to 
prescribe from farmers. Prescribing norms. 
Physical Environment Clinical situation. Drug characteristics. Diagnostic tests. 
Time pressures. Disease burden and biosecurity. Stock 
management and husbandry practices. Environmental and 
housing conditions.  
Social Environment Concerns about veterinary and farming businesses. 
Economic challenges of livestock farming. Industry-led 
initiatives. Prescribing and stewardship guidelines. 
Regulations. Legislation. 
 
1.11.1 Intrapersonal factors. Evidence for how farm vets’ prescribing is 
influenced at the intrapersonal level relates to their knowledge about AMR and 
stewardship, their sceptical beliefs about risks to public health from antimicrobial 
prescribing in livestock, their intentions to treat, their habits and previous experiences, 
and their emotions and perceptions of risk.  
Knowledge about AMR and awareness of the potential risks from AMR 
appear to be high amongst the majority of farm vets, although there are some 
variations in levels of concern about AMR. Common sources of knowledge about 
AMR include farm vets’ own education, discussions with colleagues, journal articles, 
and scientific meetings (Cattaneo et al., 2009; Easton et al., 2016; Eriksen et al., 2019; 
Postma et al., 2016). Greater awareness of the selection pressures that drive AMR and 
of the potential consequences from AMR amongst dairy vets is associated with 
stronger beliefs that AMR will become a greater problem on farms (Cattaneo et al., 
2009) and 67% of pig vets in one survey felt that antimicrobial usage in pigs could 
drive AMR in pigs (Coyne et al., 2018). Older cattle vets in the USA and older farm 
vets from the Netherlands show less concern about AMR and more negative attitudes 
about the need to reduce antimicrobial usage on dairy farms than younger vets 
(Cattaneo et al., 2009; Scherpenzeel, Santman-Berends, & Lam, 2018; Speksnijder, 
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Jaarsma, Verheij, & Wagenaar, 2015). There may also be conflicting beliefs amongst 
farm vets about whether AMR is already causing issues for animals in UK farming; 
some farm vets feel AMR is not yet threatening the health and welfare of livestock, 
whilst others feel AMR is already a threat, at least for some conditions and sectors 
(Buller et al., 2015; Coyne et al., 2016, 2014; Easton et al., 2016).  
There also seems to be good knowledge amongst farm vets about the need for 
increased antimicrobial stewardship. Dairy cattle vets in Peru feel that stewardship 
consists of four key elements (correct drug selected, recommended dosage followed, 
microbiological tests used, and withdrawal periods respected), although they also 
believe farmers do not adhere to these four elements (Redding et al., 2013). Farm vets 
recognise the importance of their own role in promoting antimicrobial stewardship on 
the farms they work with (Buller et al., 2015; Coyne et al., 2016), but farm vets in the 
Netherlands believe their roles may need to shift to a more advisory role, with an 
emphasis on promoting animal welfare and preventing disease, in order to promote 
antimicrobial stewardship on farms (Speksnijder, Jaarsma, van der Gugten, Verheij, 
& Wagenaar, 2015). A survey of UK dairy vets and farmers, however, suggests there 
may be some mis-match between farm vets and farmers about the beliefs they hold 
regarding the role of a vet on-farm (Hall & Wapenaar, 2012), which would need to be 
considered if vets’ roles are to change. A preference for more responsible prescribing 
does not, however, always translate to practice. Amongst dairy vets in the UK, for 
example, while most interviewees expressed a preference for selective dry cow 
therapy, they also admitted that on most of the farms they worked with, blanket dry 
cow therapy was still practiced (Higgins, Golding, Mouncey, Nanjiani, & Cook, 
2017). Dry cow therapy refers to the treatment of a dairy cow’s udder during the 
period when she is not being milked (the dry period) in order to prevent mastitis 
during the following lactation. Blanket dry cow therapy occurs when all cows are 
treated with antimicrobials at the beginning of the dry period, regardless of the 
disease status of individual animals, whereas selective dry cow therapy occurs when 
cows are treated on an individual basis, and only those judged to already have mastitis 
are treated. Selective dry cow therapy is generally considered to represent more 
responsible antimicrobial usage. 
Despite good levels of knowledge and awareness about AMR, there is some 
evidence of scepticism amongst farm vets about the risks to public health from 
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antimicrobial prescribing in livestock. For example, pig vets in the UK feel the greater 
threat to human health from AMR comes from inappropriate prescribing in human 
medicine and poor adherence by human patients, rather than antimicrobial prescribing 
in pigs (Coyne et al., 2018, 2016, 2014). Other farm vets from the UK poultry, pig, 
and dairy industries are sceptical that antimicrobial usage in livestock really 
contributes to resistance amongst human pathogens and there is a common (but not 
universal) view that the problem of AMR may be overstated within modern farming 
systems, with little need for further change (Buller et al., 2015; Morris et al., 2016). 
Farm vets in the Netherlands appear more concerned about potential legislative 
restrictions around antimicrobials, which they fear could cause welfare issues, than 
they are about risks associated with antimicrobial usage in livestock (Speksnijder, 
Jaarsma, van der Gugten, et al., 2015). Finally, it may also be that those vets who 
express greater scepticism about the agricultural contribution to AMR may be less 
motivated to seek to change their own prescribing behaviour. For example, although 
dairy vets are aware of the issue of AMR, they feel it is not a significant enough risk 
to drive changes in practice on many farms (Higgins et al., 2017). Furthermore, pig 
vets broadly feel they are already using antimicrobials responsibly, but that vets and 
farmers in other livestock sectors and countries are not so judicious in their 
antimicrobial usage (Coyne et al., 2018, 2016, 2014).  
Farm vets’ intentions to treat with antimicrobials may be related to prescribing 
decisions, although the impact of beliefs on intentions appears to vary between 
countries. One study used the TPB (Ajzen, 1991) to explore country-level variation in 
the use of antimicrobials to treat mild clinical mastitis in dairy cows; vets in Denmark 
had greater intentions to commence same-day treatment compared to vets in Norway, 
Sweden, and Finland (Espetvedt et al., 2013). Intentions were not, however, 
consistently predicted by the three key components of the TPB. For example, in 
Finland, 46% of the variation in vets’ intentions was explained by perceived 
behavioural control alone, compared to 19% of variation in Denmark, and 28% of 
variation in Norway and Sweden (Espetvedt et al., 2013). Adding subjective norms to 
perceived behavioural control explained only an additional 1% of variance in vets’ 
intentions in Finland (Espetvedt et al., 2013). In Norway and Sweden, however, most 
variation in intentions was explained when attitudes, subjective norms, and perceived 
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behavioural control were included, but the best model for Denmark included only 
attitudes and subjective norms (Espetvedt et al., 2013). 
There is tentative evidence for a role of habit and previous experiences in 
influencing farm vets’ prescribing. For example, sheep and cattle vets in the UK 
report being more likely to prescribe an antimicrobial if it is something the farmer 
uses at the same time every year (Doidge, Hudson, Lovatt, & Kaler, 2019). Pig vets 
also admit that they sometimes just repeat prescriptions for in-feed antimicrobials 
without challenging the farmer or themselves (Coyne et al., 2016). Furthermore, pig 
vets appear to rely heavily on their own experience of clinical efficacy of drugs they 
have previously used (Eriksen et al., 2019) and cattle vets report that experience of 
using a drug previously on a farm means they are more likely to use that drug again 
(Gibbons et al., 2013). Pig vets believe that reluctance to change treatment protocols, 
on the part of the farmer or the vet, is a barrier to reducing antimicrobial usage in pig 
units (Coyne et al., 2018). 
 Finally, farm vets’ emotions and perceptions of risk related to clinical 
uncertainty are also related to their prescribing behaviours and are likely to drive 
inappropriate prescribing. For example, dairy vets hold differing outcome beliefs 
about the probability of achieving a cure when considering the use of intra-mammary 
antimicrobials only versus intra-mammary plus systemic antimicrobials for dry cow 
therapy (Higgins, Dryden, & Green, 2012). Cattle vets in Ireland cite fear of being 
blamed for not prescribing, if antimicrobials are later needed, as meaning they would 
be more likely to prescribe (Gibbons et al., 2013) and pig vets in the UK are fearful of 
potential legislation from their clients if treatment is unsuccessful (Coyne et al., 2016, 
2014). Dairy vets also hold (arguably justifiable) fears about potential iatrogenic 
infections if selective dry cow therapy is not properly targeted and administered, 
which can lead vets to continue recommending blanket dry cow therapy (Higgins et 
al., 2017). Having access to reliable farm-level data (about performance, clinical 
history, previous treatment) is central to vets’ decision-making (Speksnijder, Jaarsma, 
van der Gugten, et al., 2015) and a lack of reliable farm data may contribute to 
overprescribing by vets to compensate for this knowledge gap (Higgins et al., 2017).  
1.11.2 Interpersonal factors. Farm vets’ prescribing decisions are influenced 
by various interactions that happen at the interpersonal level. Prescribing decisions 
are affected by farm vets’ concern about their animal patients, their relationships with 
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and trust in their farmer clients, pressure to prescribe from farmers, and prescribing 
norms set by more senior vets.   
The central role of a farm vet is to promote animal health and welfare by 
preventing and treating disease. Protecting animal welfare is a key concern and is 
seen as a professional and moral obligation by farm vets. Antimicrobials are 
considered vital medicines, that are part of a farm vet’s toolkit for protecting and 
promoting animal welfare (Buller et al., 2015) and concern for welfare has been 
identified as a key driver of antimicrobial prescribing in both surveys and qualitative 
studies with pig vets (Coyne et al., 2018, 2016). Welfare concerns are also cited by 
pig vets as justification for maintaining prophylactic in-feed antimicrobial treatment 
on pig farms, as they and farmers are fearful of increased disease incidence, threats to 
productivity, and increased mortality rates from removing in-feed antimicrobials 
(Coyne et al., 2016). Furthermore, when farmers do not follow vets’ advice about 
disease prevention, vets are professionally obliged to reduce animal suffering; for 
some vets, this is seen as antimicrobial usage that could have been avoided and as 
therefore hindering their own efforts to be responsible prescribers (Speksnijder, 
Jaarsma, van der Gugten, et al., 2015). Finally, it is worth nothing that vets’ 
professional and moral obligations to animals can sometimes conflict with their 
professional obligations to their farmer clients (de Graaf, 2005). 
Farm vets’ relationships with farmers and their level of trust in a farmer’s 
knowledge and skills can influence their prescribing choices. For example, in one 
vignette study of farm vets in the UK, vets were more likely to prescribe a farmer-
requested antimicrobial without visiting the farm if the farmer was a long-standing 
client whose farm they regularly visited, and they were confident in the farmer’s 
judgement of the disease (Doidge et al., 2019). Vets also report in qualitative research 
that if they trust a farmer’s ability to diagnose an animal, they may be less likely to 
visit the farm to complete a clinical exam (Buller et al., 2015). Dairy vets in Peru 
stated that their perceptions of a farmer’s habits and abilities to administer treatment 
could influence their prescribing (Redding et al., 2013). In the UK, farm vets express 
confidence that most of their clients are sufficiently skilled to correctly administer 
antimicrobials, although they suspect some farmers may under-dose animals or cease 
treatment courses early (Buller et al., 2015). Farms vets do, however, believe they 
will need to support farmers with additional training about preventing disease and 
 73 
identifying risk factors for disease outbreaks (Speksnijder, Jaarsma, van der Gugten, 
et al., 2015). Pig vets also see it as part of their role to educate farmers about herd 
health issues (Fortané et al., 2015), but it is likely that vets can do more to support 
farmers’ decision-making around antimicrobial usage. For example, only 23% of 
cattle vets surveyed in Ohio reported always providing clients with protocols for the 
use of antimicrobials and the same proportion (23%) said they regularly initiated 
discussions with farmers about AMR (Cattaneo et al., 2009).  
There is evidence that farm vets sometimes experience pressure from their 
farmer clients to prescribe antimicrobials, although not all vets report this pressure. 
For example, in a survey of farm vets in the Netherlands, 76% reported feeling 
pressure to prescribe antimicrobials from farmers at least once a year (Speksnijder, 
Jaarsma, Verheij, et al., 2015) and dairy vets in the UK feel that farmers sometimes 
exert pressure over vets’ decisions to use blanket or selective dry cow therapy 
(Higgins et al., 2017). Pig vets also experience pressure from clients and are 
especially concerned with selecting the most effective treatment first, as they are 
fearful of additional pressure or potential legislation from clients if treatment is 
unsuccessful (Coyne et al., 2016, 2014). This experience of pressure from farmers is 
not, however, universal amongst farm vets. Most pig vets in one survey stated that 
farmer pressure would not influence their decision to prescribe (Coyne et al., 2018) 
and about a third of farm vets surveyed in Flanders and the Netherlands reported 
never experiencing pressure to prescribe from farmers (Postma et al., 2016). More 
experienced vets in the Netherlands report a lower frequency of experiencing farmer 
pressure compared to less experienced vets (Speksnijder, Jaarsma, Verheij, et al., 
2015), while senior pig vets in the UK feel that their relationships with farmers are 
mostly collaborative and they do not experience as much pressure to prescribe as 
junior colleagues (Coyne et al., 2016).  
Prescribing norms within veterinary practices also influence prescribing 
decisions and levels of stewardship, and these norms appear to be driven by senior 
vets. For example, sheep and cattle vets are more likely to prescribe a requested 
antibiotic if other vets in the practice have previously prescribed that antibiotic for the 
same condition (Doidge et al., 2019), and pig vets admit that senior colleagues can 
sometimes place pressure on junior colleagues to prescribe antimicrobials (Coyne et 
al., 2016). Younger farm vets in France report that they adapt (usually by reducing) 
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their use of antibiograms to identify bacteria and determine antimicrobial 
susceptibility, to align with behaviours exhibited by their older colleagues (Bourély, 
Fortané, Calavas, Leblond, & Gay, 2018). In the UK, decision-making in relation to 
selective dry cow therapy is often made by senior vets, but junior vets are keen to be 
involved in these decisions, as they feel it will boost their knowledge and confidence, 
as well as help them establish trust with the farmers (Higgins et al., 2017). Junior 
dairy vets also report a lack of confidence in recommending a change to improve 
prescribing practice on a farm when the norm within their veterinary practice is to 
maintain the status quo (Higgins et al., 2017). Dairy vets in the UK feel that 
improving stewardship will require vets to present a united front to farmers regarding 
their treatment recommendations (Higgins et al., 2017), whilst pig vets in France also 
stress the importance of collaboration between vets, farmers, and other technical 
advisors to drive herd health changes that can reduce antimicrobial usage (Fortané et 
al., 2015).  
1.11.3 Physical environment factors. There is evidence that farm vets’ 
antimicrobial prescribing is related to a number of factors in their physical 
environments. These include an assessment of the clinical situation, a consideration of 
drug characteristics and utility of diagnostic tests, and time pressures. Prescribing is 
also influenced by the background disease burden, which is in turn influenced by 
stock management practices and environmental and housing conditions.  
Assessing the immediate clinical situation is generally at the forefront of vets’ 
antimicrobial treatment decisions. Indeed, when vets are asked about the most 
important factor that drives their antimicrobial prescribing, there is considerable 
emphasis on the clinical examination and taking of a detailed clinical history to 
determine the likely diagnosis (Eriksen et al., 2019; Redding et al., 2013). The 
number of animals that need to be treated can also influence drug choice; for example, 
pig vets report that in-feed medication is more likely to be used than targeted 
injectables on farms with larger numbers of pigs (Coyne et al., 2016). 
Characteristics of the drugs themselves also influence prescribing. In addition 
to an antimicrobial’s spectrum of action (Gibbons et al., 2013) vets also consider the 
ease of administration for the farmer, and will adjust their prescribing accordingly, 
sometimes opting for CIAs to achieve greater adherence by farmers (Coyne et al., 
2016; Gibbons et al., 2013; Redding et al., 2013; Speksnijder, Jaarsma, van der 
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Gugten, et al., 2015). Pig vets in Denmark report the route of administration as being 
the biggest drug-related influence on their prescribing choices (Eriksen et al., 2019), 
whilst dairy vets in Peru express limited confidence in farmers’ ability to follow their 
treatment instructions and admit this can affect their prescribing choices (Redding et 
al., 2013).  
Diagnostic tools (either to identify pathogens or to determine drug-resistance 
profiles) can support more responsible antimicrobial usage on farms, but they are not 
routinely used in many cases. Farm vets sometimes use diagnostics to support their 
decision-making with clients, as vets see test results as providing objective evidence 
to help convince farmers to accept their recommendations (Bourély et al., 2018; 
Sawford, Vollman, & Stephen, 2013; Speksnijder, Jaarsma, van der Gugten, et al., 
2015). Diagnostics are also used to identify potential pathogens in unusual cases (P. 
A. Robinson & Epperson, 2013; Sawford et al., 2013). The use of diagnostics by farm 
vets is, however, currently limited and, as a rule, not routine. There is evidence that 
use of diagnostic tests varies between sectors, with vets recommending testing most 
often for sheep, and less often for cattle, pigs, or horses, at least in relation to guiding 
anthelmintic therapy (Easton et al., 2016). Use of diagnostics also varies by condition; 
for example, cattle vets in Italy report using diagnostics more commonly for mastitis 
than for calf scours (diarrhoea) or respiratory disease (Busani et al., 2004). Diagnostic 
tests seem to be most frequently used when there has been a poor response to an 
initial antimicrobial treatment (Coyne et al., 2018; De Briyne et al., 2013; P. A. 
Robinson & Epperson, 2013; Speksnijder, Jaarsma, van der Gugten, et al., 2015). 
Time delays in receiving the results from diagnostic tests are routinely cited by vets 
from different countries and across different livestock sectors as a reason they are not 
more commonly used (Carmo et al., 2018; Coyne et al., 2016; De Briyne et al., 2013; 
P. A. Robinson & Epperson, 2013; Sawford et al., 2013). 
Indeed, time pressures are sometimes, but not always, cited as a barrier to 
wider change amongst vets. For example, time is seen as a major disadvantage to 
implementing herd health planning in the dairy industry (Hall & Wapenaar, 2012). A 
shortage of time to visit every animal or client is also expressed as a reason for just 
prescribing antimicrobials in equine and bovine practice, rather than trying to engage 
clients in a conversation about why antimicrobials might not be needed (Hardefeldt, 
Gilkerson, et al., 2018). In contrast, however, when responding to vignettes about 
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different prescribing scenarios, sheep and cattle vets reported that they would be less 
likely to prescribe antimicrobials when they were experiencing time pressures 
(Doidge et al., 2019).  
Background disease burden and susceptibility to infections can also influence 
prescribing decisions. According to veterinary experts in Denmark, Portugal, and 
Switzerland, gastrointestinal diseases are the most common conditions for which 
antimicrobials are prescribed in broilers, pigs, and veal calves, and issues with udders 
most frequently lead to the use of antimicrobials in dairy cattle (Carmo et al., 2018). 
In the UK, pig vets perceive a high burden of endemic disease that requires treatment 
with antimicrobials, and vets believe antimicrobials are often used as management 
tools to control disease in pigs rather than aim for a clinical cure (Coyne et al., 2016). 
Eradicating high burden diseases, such as swine dysentery, from the UK pig 
population has been cited by pig vets as being key to reducing antimicrobial usage 
(Coyne et al., 2018).  
Disease burden on farms is also influenced by stock management and 
biosecurity practices, which vets stress can influence antimicrobial usage. For 
example, on many farms, young-stock come from multiple sources and arrive with 
low immunity, both of which vets recognise as increasing susceptibility to infectious 
disease on the destination farm and as driving higher antimicrobial usage (Postma et 
al., 2016; Speksnijder, Jaarsma, van der Gugten, et al., 2015). Pig vets in focus groups 
agreed that ‘all-in-all-out’ systems, that do not mix pig stock from different sources, 
generally have lower antimicrobial usage than systems that do mix pigs (Coyne et al., 
2014). Improving re-stocking sources and practices is seen by vets as a key strategy 
for reducing levels of antimicrobials, especially prophylactic use (Buller et al., 2015; 
Coyne et al., 2018). 
Finally, environmental conditions, husbandry practices, and the quality of 
farm infrastructure also influence levels of disease burden and antimicrobial 
prescribing. Farm vets in Flanders and the Netherlands believe that sub-optimal 
climate conditions within barns and insufficient biosecurity are the biggest drivers of 
antimicrobial usage on farms (Postma et al., 2016). Improving nutritional, housing, 
and other environmental conditions on farms can often reduce the burden of 
infectious disease and vets recognise these improvements as key interventions to 
reduce antimicrobial usage (Buller et al., 2015; Cattaneo et al., 2009; Coyne et al., 
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2018, 2016; Ellis-Iversen et al., 2007; Speksnijder, Jaarsma, Verheij, et al., 2015). 
Farm vets surveyed in the Netherlands ranked improved housing, improved feed 
quality, and benchmarking of antimicrobial usage as the most important measures that 
could reduce antimicrobial prescribing on farms (Speksnijder, Jaarsma, Verheij, et al., 
2015). Cattle vets in the USA also agreed that good nutrition, routine vaccination, and 
high standards of biosecurity are important practices for reducing antimicrobial usage 
(Cattaneo et al., 2009).  
1.11.4 Social environment factors. Farm vets’ prescribing decisions are also 
influenced by factors within their social environments. These factors include concerns 
about protecting both the veterinary and farming businesses, economic challenges 
within livestock industries, industry-led initiatives, prescribing and stewardship 
guidelines, and national regulations and legislation.  
 Farm vets are aware that they work in a competitive market and some vets 
admit sometimes prescribing antimicrobials inappropriately to protect their veterinary 
business, as they are fearful of losing clients to other practices if antimicrobials are 
not prescribed. For example, farm vets in the Netherlands report experiencing a 
conflict between safeguarding public health and maintaining client satisfaction, when 
considering whether or not to prescribe antimicrobials (Speksnijder, Jaarsma, van der 
Gugten, et al., 2015). In contrast, pig vets in the UK mostly report that competitive 
pressure from other veterinary practices does not influence their prescribing decisions 
(Coyne et al., 2018). Nonetheless, it seems that many farm vets do perceive potential 
threats to their business from withholding antimicrobial therapy. For example, dairy 
vets working in rural Peru report that competition from other vets and non-veterinary 
professionals who sell antimicrobials can sometimes drive their own inappropriate 
prescribing (Redding et al., 2013), and Australian bovine and equine vets also admit 
they sometimes prescribe antimicrobials just to keep clients happy and protect their 
business (Hardefeldt, Gilkerson, et al., 2018).  
As well as considering their own veterinary businesses, farm vets are sensitive 
to the economic challenges experienced by farmers, either at an individual farm-level 
or at an industry-level, and the cost of veterinary services may be a barrier to 
responsible prescribing. For example, in a hypothetical scenario when a farmer 
requested antibiotics without a clinical consultation, vets reported being more likely 
to prescribe antibiotics when the farmer also expressed an unwillingness to pay for a 
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veterinary farm visit (Doidge et al., 2019). Farm vets also report that the relative costs 
and benefits of using antimicrobial susceptibility testing vary depending on whether 
the treatment decision is at the level of the herd or the individual animal (Bourély et 
al., 2018). The influence of economic factors on prescribing appears to vary between 
countries; vets practicing in the Czech Republic report price, withdrawal periods, and 
profit margins as having a greater influence on their prescribing than do vets in 
Belgium, France, Germany, Spain, Sweden, or the UK (De Briyne et al., 2013). Pig 
vets have acknowledged that even when the primary diagnosis might be viral, 
antibiotics may still be prescribed due to the perceived risk to health and production 
parameters from secondary bacterial infections (Coyne et al., 2016). Dairy vets in 
Peru admit they sometimes prescribe antimicrobials that they know will be 
ineffective, when they feel that farmers cannot afford alternative, more effective 
treatments (Redding et al., 2013), and cattle vets in Ireland also report that the cost of 
a drug will influence their prescribing decision (Gibbons et al., 2013). Furthermore, 
withdrawal periods also influence prescribing. For example, pig vets report using 
macrolides (considered to be CIAs) when a pig is near slaughter, as these drugs have 
shorter or nil withdrawal periods on them, which minimises the impact on planned 
slaughter dates (Coyne et al., 2016). Some pig vets, however, have managed to 
dissuade farmers from requesting certain CIAs by increasing the price of those drugs 
within their veterinary practice (Coyne et al., 2016).  
Economic challenges on farms and within livestock industries are also seen by 
farm vets as driving husbandry and management practices that are not conducive to 
the proactive prevention of infectious disease and thereby contribute to levels of 
antimicrobial usage. For example, farm vets in the Netherlands report that some 
farmers choose low-quality feed or keep animals in sub-optimal housing to minimise 
production costs, both of which can increase disease susceptibility and drive higher 
levels of antimicrobial usage (Speksnijder, Jaarsma, van der Gugten, et al., 2015). 
Farm vets also believe that farmers do not implement veterinary advice about disease 
prevention as such measures are perceived to be expensive and time-consuming 
(Speksnijder, Jaarsma, Verheij, et al., 2015). Pig vets in the UK feel antimicrobials 
are sometimes used to compensate for poorer management practices and that 
economic challenges in the pig industry prevent farmers from reinvesting to improve 
their farming systems (Coyne et al., 2016, 2014). Pig vets also feel that farmers are 
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under pressure from supermarkets and from meat imports from countries with fewer 
regulations, and this pressure contributes to higher antimicrobial usage, as farmers 
cannot afford to change their production methods to further reduce antimicrobial 
usage (Coyne et al., 2016). 
Encouragingly, however, and in contrast to these industry-related economic 
constraints, farm vets also recognise the potential for industries to promote 
antimicrobial stewardship in livestock farming. Vets believe that other actors in the 
food chain, such as retailers and assurance scheme bodies, have a critical role to play 
in reducing antimicrobial usage, by driving change through market-led regulations 
such as contractual obligations (Buller et al., 2015). For example, vets acknowledge 
that pressure from retailers to reduce antimicrobial usage can drive down the levels 
used in pig production (Coyne et al., 2018). Related to this, vets also believe that 
consumer pressure may influence antimicrobial usage on farms (Buller et al., 2015).  
 Beyond economic factors, prescribing guidelines are potential levers for 
change in farm vets’ prescribing, although antimicrobial stewardship policies are not 
yet widespread in veterinary practices. For example, in a survey of Australian vets 
working in bovine, equine, or companion animal practice, only 15% reported that 
their practice had either a prescribing policy or an antimicrobial stewardship policy, 
although encouragingly, 44% of these stated that policies had been created within the 
last year (Hardefeldt, Gilkerson, et al., 2018). Guidelines, however, appear to have 
only limited influence and reach. Only 28% of surveyed vets reported using 
prescribing guidelines such as those produced by the Australian Infectious Disease 
Advisory Panel or the British Small Animal Veterinary Association (Hardefeldt, 
Gilkerson, et al., 2018). Pig vets in the UK demonstrate awareness of national 
prescribing guidelines but acknowledge most practices work fairly independently of 
these guidelines (Coyne et al., 2016) and in one survey of pig vets, only 35% reported 
that their practice had treatment guidelines (Coyne et al., 2018). Farm vets and equine 
vets in the UK also have much lower awareness of guidelines around anthelmintic 
prescribing than do other prescribing veterinary paraprofessionals (Easton et al., 
2016). 
National regulations and legislation may be more effective than advisory 
guidelines in influencing vets’ prescribing behaviours. Veterinary experts in 
Denmark, Portugal, and Switzerland all agree that mandatory interventions have the 
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greatest effect on reducing antimicrobial usage, at both the country- and species-level, 
and that interventions to improve biosecurity would also have a meaningful impact 
(Carmo et al., 2018). Qualitative interviews with farm vets from the pig, poultry, 
bovine, and equine sectors in France explored the impact of a regulatory change 
requiring the use of antibiograms (to identify bacteria and determine antimicrobial 
susceptibility) before the use of certain CIAs, namely third and fourth generation 
cephalosporins and fluoroquinolones (Bourély et al., 2018). Vets in this study did not 
report an increase in the use of antibiograms as a result of the regulatory change, but 
did report changing their prescribing patterns away from these CIAs (Bourély et al., 
2018). In Denmark, the Yellow Card initiative was introduced in 2010 to set 
thresholds for antimicrobial usage in pigs and cattle, and to penalise farmers when 
these thresholds are exceeded (Ministry of Environment and Food of Denmark, 2017). 
There has been a reduction in overall antimicrobial usage since the introduction of 
this initiative (V. F. Jensen et al., 2014) and pig vets in Denmark report that the 
Yellow Card initiative is influential in guiding their antimicrobial prescribing 
decisions (Eriksen et al., 2019). Also in 2010, national legislation was introduced in 
the Netherlands, setting a target of a 50% reduction in antimicrobials used in livestock 
by 2013, compared to levels in 2009 (Speksnijder, Mevius, et al., 2015). Studies 
conducted with vets working in the Netherlands suggest this policy has impacted on 
prescribing; for example, farm vets across different livestock sectors report a 
reduction in routine preventive administration of antimicrobials (Speksnijder, 
Jaarsma, van der Gugten, et al., 2015). Furthermore, a survey of dairy vets in the 
Netherlands found broadly positive attitudes towards this change in policy and about 
the restrictions on prophylactic antimicrobial usage (Scherpenzeel et al., 2018). Dairy 
vets are more likely to have a positive attitude towards the reduction policy if they 
more strongly believe the policy will be beneficial for animal health and for reducing 
AMR (Scherpenzeel et al., 2018).  
There are, however, mixed views amongst farm vets about interventions at the 
policy or legislative level. Although herd health plans are commonly used in the UK, 
vets express some scepticism over whether these are a useful tool to drive change in 
antimicrobial usage, as these plans are sometimes cynically viewed as a tick-box 
exercise for the farm assurance schemes (Buller et al., 2015). In a survey of dairy 
vets, 73% of respondents were concerned that there is a higher risk of sick cows as a 
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result of the reduction in antimicrobials being used in selective dry cow therapy 
(Scherpenzeel et al., 2018). Whilst some pig vets feel that banning in-feed 
antimicrobials and certain antimicrobial classes will be beneficial, others do not 
(Coyne et al., 2018). Pig vets have expressed concerns that if certain antimicrobial 
classes are restricted there could be a negative economic impact on the pig industry 
and also negative effects on animal welfare (Coyne et al., 2016, 2014). There is, 
however, more consensus amongst pig vets about the potential benefits from 
benchmarking and penalising high antimicrobial users (Coyne et al., 2018).  
1.11.5 Summary. This section has outlined current evidence for how farm 
vets’ antimicrobial prescribing decisions are affected by factors across the four levels 
of the social ecological framework. At the intrapersonal level, prescribing decisions 
are influenced by farm vets’ knowledge, beliefs, intentions, habits, experiences, 
emotions, and risk perceptions. At the interpersonal level, farm vets’ decisions are 
influenced by concerns for animal welfare, relationships with and trust in farmers, 
pressure to prescribe from farmers, and the prescribing norms amongst other vets. 
Factors in the physical environment that affect farm vets’ antimicrobial prescribing 
include the clinical situation and background disease burden, characteristics of drugs, 
diagnostic tests, management practices, and housing and environmental conditions 
on-farm. Finally, factors in the social environment that affect farm vets’ prescribing 
are concerns about veterinary and farming businesses, consideration of economic 
constraints in livestock farming, industry-led stewardship initiatives, prescribing 
guidelines, and mandatory regulations. In the next section, the evidence for how 
farmers’ antimicrobial usage is affected across these four levels will be considered.  
 
1.12 Drivers of Inappropriate Antimicrobial Usage by Farmers 
This section reviews the evidence related to influences on farmers’ 
antimicrobial usage decisions. It draws on qualitative studies and surveys from 
different livestock sectors, although most studies have focused on pig or dairy cattle 
enterprises. Much of the evidence comes from the USA and a few European 
countries. A summary of these factors is presented in Table 1.7, organised within the 
social ecological framework.  
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Table 1.7 
Factors Influencing Farmers’ Antimicrobial Usage Decisions 
Social Ecological Level Influencing Factors 
Intrapersonal Knowledge of AMR. Own experience of treating animals. 
Beliefs about antimicrobials. Motivations to change own 
behaviour. 
Interpersonal Interactions with animals, vets, and other farming and 
livestock professionals 
Physical Environment Disease burden. Time and labour resources. Lack of 
effective and/or user-friendly medicines and tools. 
Social Environment Consumer and media pressure. Veterinary medicine costs. 
Production parameters. Profitability. Guidelines. 
Regulations.  
 
1.12.1 Intrapersonal factors. Evidence for how intrapersonal factors affect 
farmers’ antimicrobial usage decisions mostly relates to farmers’ knowledge about 
AMR, their experiences of treating animals with antimicrobials, and their beliefs 
about antimicrobials as effective medicines. There also appear to be differences in 
farmers’ motivations to change their antimicrobial usage behaviour.  
Knowledge amongst farmers about AMR and the responsible use of 
antimicrobials is variable, differing between livestock sectors and countries. Some 
studies have found that farmer knowledge about AMR is limited (Eltayb et al., 2012; 
McDougall, Compton, & Botha, 2017; Om & McLaws, 2016; Sadiq et al., 2018), 
whilst in other studies, farmer knowledge about AMR appears to be reasonably good, 
although there are still some gaps in knowledge (Ekakoro, Caldwell, Strand, & 
Okafor, 2019; Friedman et al., 2007; Higham et al., 2018; Kramer et al., 2017; S. 
Schneider et al., 2018). In one survey of dairy farmers in the USA, 49% of organic 
farmers agreed that agricultural use of antimicrobials can lead to drug-resistant 
infections in humans, whilst only 7% of non-organic dairy farmers agreed with this 
statement (Habing, Djordjevic, Schuenemann, & Lakritz, 2016). In a different survey 
of dairy farmers in the USA, most (86%) did not believe that overuse of 
antimicrobials in livestock could result in AMR in farm workers (Friedman et al., 
2007). Interestingly, one survey of different groups of stakeholders in Germany found 
that farmer knowledge about AMR is higher than that of the general public (S. 
Schneider et al., 2018). There is some limited evidence that differences in knowledge 
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may be associated with antimicrobial usage. Amongst dairy, veal, and pig farmers in 
the Netherlands, higher knowledge about AMR and higher perceived risk from AMR 
is associated with lower antimicrobial usage on their farms (Kramer et al., 2017).  
Farmers’ use of antimicrobials appears to be strongly influenced by their own 
experiences of looking after animals and using antimicrobials in previous situations. 
For example, beef farmers in the USA report relying heavily on their own experience, 
and the experience of their farmer peers, when it comes to deciding whether or not to 
use antimicrobials (Ekakoro, Caldwell, Strand, & Okafor, 2019). Similarly, dairy 
farmers in New Zealand stated in focus groups that while advice from vets is very 
important, so is their own experience of what works on their farm, and they 
sometimes use their previous treatment experiences to overrule the vet’s advice 
(McDougall et al., 2017). Finally, poultry farmers in Cambodia report that they mix 
their own ‘cocktails’ of antimicrobial treatment, and they have learnt these 
combinations of drugs for themselves through trial and error (Om & McLaws, 2016).  
Evidence suggests that farmers place a lot of trust in antimicrobials, 
perceiving high levels of effectiveness in these drugs, which appears to drive some 
antimicrobial usage. For example, pig farmers in Europe believe that antimicrobials 
have high benefits in pig farming, such as reducing the number of pig deaths and 
speeding up recovery from illness (Visschers et al., 2015, 2014; Visschers, Postma, et 
al., 2016). They also perceive relatively few risks from antimicrobial usage in pigs 
and believe antimicrobials are cost-effective ways of managing disease (Moreno, 
2014a; Visschers et al., 2015, 2014; Visschers, Postma, et al., 2016), although higher 
risk perceptions from antimicrobial treatment are associated with lower antimicrobial 
usage (Visschers, Postma, et al., 2016). Poultry farmers in Cambodia believe that 
antimicrobials are necessary, both for disease prevention and to promote growth, and 
that without antimicrobials their birds would not thrive (Om & McLaws, 2016). 
Furthermore, beef farmers in the USA feel they have seen an increased incidence of 
disease since the use of in-feed sub-therapeutic antimicrobials has been restricted 
(Ekakoro, Caldwell, Strand, & Okafor, 2019). Dairy farmers in the USA who believe 
antimicrobials are necessary for producing an abundant food supply have a lower 
threshold for antimicrobial treatment (Habing et al., 2016) and some dairy farmers are 
reluctant to switch from blanket to selective dry cow therapy, as they perceive the 
switch away from blanket antimicrobial treatment to be too risky (Poizat, Bonnet-
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Beaugrand, Rault, Fourichon, & Bareille, 2017; Scherpenzeel et al., 2016). Dairy 
farmers also admit to regularly extending antimicrobial treatment for mastitis, as they 
want to reduce the risk of disease recurrence (Swinkels et al., 2015), and some dairy 
farmers are nervous that more cows will suffer or have disease if antimicrobial usage 
is restricted (Scherpenzeel et al., 2016).  
Finally, motivation to change their own behaviour may also influence farmers’ 
antimicrobial usage decisions, with some farmers recognising the need for change. 
Cattle and sheep farmers in the UK agree they have a role to play in managing 
antimicrobials responsibly (Easton et al., 2018) and surveys of dairy farmers show 
that most agree it is important to reduce antimicrobial usage in livestock (P. J. Jones 
et al., 2015; Kayitsinga, Schewe, Contreras, & Erskine, 2017; Scherpenzeel et al., 
2016). Beef and pig farmers also believe use of medically important antimicrobials 
for humans should be minimised in livestock (Coyne et al., 2019; Ekakoro, Caldwell, 
Strand, & Okafor, 2019). Intentions to reduce antimicrobial usage vary, however; in 
one survey of dairy farmers, only 46% intended to reduce usage over the next year (P. 
J. Jones et al., 2015) and in a survey of pig farmers from six European countries, 
intentions to reduce usage were significantly lower in Sweden and Denmark than in 
France (Visschers, Backhans, et al., 2016).  
In contrast, other farmers appear less motivated to change their antimicrobial 
usage. For example, only 25% of beef farmers in one survey believed that 
antimicrobials are overused in beef production (Ekakoro, Caldwell, Strand, 
Strickland, et al., 2019). Farmers generally feel their own usage is responsible, and 
they justify this on the grounds of protecting animal welfare and maintaining 
productivity (Buller et al., 2015; Coyne et al., 2014), whilst also suggesting that usage 
by other vets and farmers is both higher and less responsible than their own (Coyne et 
al., 2014; Visschers et al., 2015, 2014). There is also evidence that farmers are 
sceptical that the use of antimicrobials poses any risk to human health and that 
farming is sometimes unfairly targeted as a scapegoat for the issue of AMR (Buller et 
al., 2015; Ekakoro, Caldwell, Strand, & Okafor, 2019), which is likely to undermine 
any motivation to change. There may also be a skills gap that reduces farmers’ 
motivation to change. Amongst dairy farmers in England and Wales, only 59% of 
respondents in one survey felt they had sufficient skills and knowledge to be able to 
reduce antimicrobial usage on their farm (P. J. Jones et al., 2015). Qualitative research 
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with pig farmers in France highlights that reducing antimicrobial usage requires 
farmers to learn new technical skills, such as using new monitoring or drug-
administration equipment, as well as develop their risk-based decision-making skills, 
such as recognising when only a few individuals need to be treated instead of the 
whole herd (Fortané et al., 2015). 
1.12.2 Interpersonal factors. At the interpersonal level, evidence suggests 
that farmers’ antimicrobial usage decisions are influenced by their interactions with 
their animals, with vets, and with other livestock and farming professionals.  
Farmers’ antimicrobial usage decisions are motivated by a desire to protect 
animal welfare and be seen as a ‘good farmer’ that looks after and cares for their 
animals (Fischer et al., 2019; Swinkels et al., 2015). For example, farmers rank 
‘achieving a cure’ as the main reason for choosing antimicrobials in the treatment of 
digital dermatitis (a hoof condition that can cause lameness) in dairy cows (Relun et 
al., 2013) and treatment decisions are influenced by the presence of clinical signs such 
as fever or evidence of pain (Vaarst, Paarup-Laursen, Houe, Fossing, & Andersen, 
2002; Vaarst et al., 2003). The majority of farmers appear to have animal welfare at 
the centre of their treatment decisions, and not just for economic reasons; they care 
about the health and wellbeing of their animals (Bellet, 2018; Fischer et al., 2019). 
Having a high health status in the herd is seen by pig farmers as an important way of 
minimising the use of antimicrobials on farms (Coyne et al., 2014), as is having a 
lower stocking density of animals (Coyne et al., 2019) and providing good nutrition 
(Ekakoro, Caldwell, Strand, & Okafor, 2019) to reduce stress and improve immunity 
amongst their animals. Dairy farmers in Sweden appear to pride themselves on 
knowing their animals well enough to judge animal health status by eye, and they 
exhibit strong emotional ties to their animals (Fischer et al., 2019).  
Interactions with vets are also important influences on farmers’ antimicrobial 
usage decisions, with these interactions mostly being a positive influence. Farmers 
from different livestock sectors report trusting their vets as reliable sources of 
information on antimicrobials; they strongly value the input and advice they receive 
from vets, and farmers see their decision-making with vets about antimicrobial usage 
as a two-way consultation (Bellet, 2018; Coyne et al., 2014; Fischer et al., 2019). 
Regular contact with vets may also improve farmers’ stewardship behaviours. For 
example, cattle and sheep farmers in the UK report that vets are more likely to engage 
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in faecal egg counts when reviewing antimicrobial treatments than other veterinary 
paraprofessional prescribers (Easton et al., 2018). Pig farmers who consistently 
consult a vet before administering antimicrobials report using fewer antimicrobials 
than farmers who less consistently consult with vets (Visschers et al., 2014) and dairy 
farmers who report more frequent contact with vets have more accurate knowledge 
about AMR and also report lower use of antibiotic footbaths (Higham et al., 2018).  
There may, however, be a mis-match between vets and farmers in beliefs 
about farmer knowledge, which could be a potential barrier to antimicrobial 
stewardship if not addressed. In one study, 82% of farmers felt they knew enough to 
make an informed decision about implementing herd health strategies that could 
improve antimicrobial usage, but only 32% of vets thought their clients knew enough 
to make an informed decision about herd health (Hall & Wapenaar, 2012). 
Furthermore, whilst farmers trust the medical expertise of vets, they also want vets to 
trust their own expertise in terms of their competence and understanding of their 
animals (Fischer et al., 2019). Finally, a change in personnel may sometimes be 
required; pig farmers in France acknowledge that changes in antimicrobial usage on 
their farms are sometimes triggered by a change in their vet or other technical advisor 
(Fortané et al., 2015).  
Farmers’ decisions are also influenced by their interactions with other farming 
and livestock professionals, and farmers do not see vets as the only important sources 
of advice on antimicrobial usage. For example, farm advisors from industry bodies 
were considered to be more important sources of herd health advice than vets by 50% 
of dairy farmers in one French study (Poizat et al., 2017). Farmers’ decisions are also 
influenced by their family members, as many farmers have learnt about disease 
patterns and effective treatments from older farming relatives (Bellet, 2018). Pig 
farmers also feel the quality of their staff can affect the level of antimicrobial usage; 
farmers trust high quality staff to pay more attention to animals, notice signs of 
distress sooner, and take biosecurity more seriously (Coyne et al., 2019). Finally, 
dairy farmers report that key social referent groups, such as milk buyers, vets, 
DEFRA, and consumers, would approve of them reducing antimicrobial usage (P. J. 
Jones et al., 2015), and these subjective norm beliefs are associated with intention to 
reduce antimicrobial usage (P. J. Jones et al., 2015). 
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1.12.3 Physical environment factors. Evidence for the influence of the 
physical environment on farmers’ antimicrobial usage decisions has so far been found 
across three key areas. These relate to the disease burden on-farm, concerns about 
time and labour resources, and issues relating to a lack of user-friendly and effective 
medical products.  
Farmers stress that a major factor affecting antimicrobial usage is the level of 
disease burden on their farm, which is influenced by a number of factors. For 
example, disease outbreaks across a range of livestock sectors are influenced by the 
weather and the season (Easton et al., 2018; Ekakoro, Caldwell, Strand, & Okafor, 
2019; P. J. Jones et al., 2015; Kayitsinga et al., 2017; Sahoo et al., 2010). Preventing 
disease is also considered to be easier in closed herd systems, where new animals are 
not brought in from other farms, and young animals are bred and retained on-farm to 
replace older animals (Coyne et al., 2019; Ekakoro, Caldwell, Strand, & Okafor, 
2019). Infrastructure is also important and pig farmers believe that long-term in-feed 
antimicrobials are sometimes used as a disease management tool to compensate for 
poor housing and sub-optimal management practices (Coyne et al., 2019, 2014). 
There are differences of opinion amongst farmers about which farming systems (e.g. 
indoor versus outdoor or extensive versus intensive) are more beneficial at 
minimising disease burden (Coyne et al., 2019). There is, however, a general 
consensus that good management and biosecurity practices are key to keeping levels 
of disease low (Coyne et al., 2019, 2014; Ekakoro, Caldwell, Strand, & Okafor, 
2019).  
The decisions made by farmers about antimicrobial usage in their animals are 
also impacted by concerns about time and the perceived labour requirements 
associated with different treatment and herd health management options. Amongst pig 
farmers who have already significantly reduced their antimicrobial usage, a change in 
herd health management based on vaccination rather than antimicrobial treatment, is 
seen by farmers as being a more effective way of managing both their animals’ health 
and their own time as a farmer (Fortané et al., 2015). These farmers believe that the 
use of vaccinations is a proactive way to prevent disease, maintain production 
parameters, and save time by avoiding having to treat sick animals (Fortané et al., 
2015). Indeed, labour intensive treatment options are more likely to be abandoned or 
avoided by farmers (Bellet, 2018; Fischer et al., 2019; Relun et al., 2013; Tunstall, 
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Mueller, Grove White, Oultram, & Higgins, 2019) and lack of time appears to be a 
barrier to further stewardship. For example, farmers in the French dairy industry who 
use blanket dry cow therapy are reluctant to switch to selective dry cow therapy as 
they perceive it as requiring too much organisation and additional work (Poizat et al., 
2017). Furthermore, farmers may not have the time to seek out additional information 
about responsible usage, or to wait for a vet to visit the farm to make a diagnosis 
(Friedman et al., 2007).  
Finally, farmers’ antimicrobial usage decisions may be affected by resource 
issues, specifically an underuse of or lack of access to user-friendly and effective 
medical products. Pig farmers feel that a lack of effective vaccines drives the disease 
burden and the level of antimicrobial usage on pig farms (Coyne et al., 2019) and 
diagnostic testing to identify causative agents is not widely employed by farmers 
(Ekakoro, Caldwell, Strand, Strickland, et al., 2019; Kayitsinga et al., 2017). Farmers 
also report that the instructions that come with antimicrobials can sometimes be too 
technical for them to understand and there is a desire for more accessible instructions 
to be provided by the pharmaceutical companies or vets (Ekakoro, Caldwell, Strand, 
& Okafor, 2019). Dairy farmers report they would increase their use of diagnostic 
testing for mastitis if a rapid, on-farm test were available (Griffioen, Hop, Holstege, 
Velthuis, & Lam, 2016). 
1.12.4 Social environment factors. Factors in the social environment also 
influence farmers’ decisions surrounding antimicrobial usage on their farms. These 
factors include consumer pressure, veterinary medicine costs, concerns about 
production parameters and profitability, low use of guidelines, and the existence and 
enforcement of regulations. 
Consumer and media pressure about the use of antimicrobials in agriculture is 
rising in some countries and this does appear to impact upon farmers. There is limited 
evidence in this area, but farmers appear to hold mixed views on the impact of 
consumer and media pressure. For example, dairy farmers in Sweden feel frustrated at 
how agricultural use of antimicrobials is framed in the media (Fischer et al., 2019) 
and dairy farmers in Germany and the Netherlands believe that societal expectations 
to drastically reduce antimicrobials in livestock farming are unjustified (Swinkels et 
al., 2015). An analysis of the coverage of AMR in UK print media identified that 
farming bodies, such as RUMA and the National Farmers’ Union, express scepticism 
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of the claims that intensive agriculture contributes to AMR in humans (Morris et al., 
2016). Some farmers are, however, concerned about how the public view their 
produce. For example, 40% of dairy farmers in a UK survey felt that consumer 
confidence in milk safety and quality would increase if antimicrobial usage was 
reduced (P. J. Jones et al., 2015) and the same farming bodies that are sceptical of the 
agricultural contribution to AMR, are nonetheless aware of the need to maintain 
consumer confidence in UK livestock agriculture through promoting the responsible 
use of antimicrobials (Morris et al., 2016).  
The high cost of antimicrobials and consultations with vets also influences 
farmers’ treatment decisions, occasionally in favour of increased stewardship, but 
more often against stewardship principles. For example, dairy farmers most 
commonly cite the high cost of medicines as a reason for wanting to reduce 
antimicrobial usage in their herds (P. J. Jones et al., 2015), and a desire to reduce 
medicine costs can motivate some farmers to implement vaccination programmes 
(Coyne et al., 2019) or use alternative therapies to antimicrobials, including 
aromatherapy and homeopathy, even though their vets and other advisors are sceptical 
of such treatments (Poizat et al., 2017). The cost of drugs can be a key influence on 
farmers’ antimicrobial treatment choices (Obaidat et al., 2018) and high costs of 
antimicrobial treatment can lead some farmers to cease treatment courses early 
(Eltayb et al., 2012). Vets’ consultation fees are seen as a barrier to further advice in 
the dairy industry (Friedman et al., 2007) and the costs of consulting vets means that 
farmers are more inclined to administer antimicrobials without seeking veterinary 
advice in every case (Ekakoro, Caldwell, Strand, & Okafor, 2019). 
Livestock farming is often a commercial enterprise and farmers are motivated 
to ensure their business remains profitable. The decision to use antimicrobials is 
therefore sometimes influenced by a desire to protect production parameters, such as 
to avoid a drop in daily growth rates or milk yields. Fear of a drop in production 
parameters is sometimes cited as a reason for maintaining prophylactic in-feed 
medication amongst pig farmers (Coyne et al., 2019), and cattle farmers in the UK 
justify prophylactic anthelmintic treatment as necessary to ensure better productivity 
in their animals (Bellet, 2018). Amongst pig farmers in Spain, agreement by farmers 
that antimicrobials improve farm performance parameters is associated with greater 
levels of antimicrobial usage (Moreno, 2014a). In countries where administering sub-
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therapeutic doses of antimicrobials for growth promotion has not been banned, the 
increased weight gain and feed conversion achieved remains an economic incentive 
for farmers to continue this practice (Hao et al., 2014). In the absence of clear clinical 
signs, whether treatment is administered or not, can be influenced by factors such as 
whether the cow is producing a high milk yield, or is in an early stage of her lactation 
(Vaarst et al., 2002, 2003). Choice of specific antimicrobials can also be affected by 
withdrawal periods, with farmers sometimes choosing an antimicrobial with a shorter 
withdrawal period to minimise losses from milk that cannot be sold, or to avoid 
impacting on readiness for slaughter (Coyne et al., 2016; McDougall et al., 2017; 
Speksnijder, Jaarsma, van der Gugten, et al., 2015; Tunstall et al., 2019). Withdrawal 
periods on antimicrobials can, however, sometimes mean that a farmer chooses not to 
treat an animal, for example if it is near to slaughter (Tunstall et al., 2019). It should 
be noted, however, that farmers vary in how they approach their farm businesses, so 
are likely to differ in their concerns about production parameters; whilst some farmers 
are focused on profit and business expansion, others are motivated by beliefs that 
farming is about maintaining a certain lifestyle, protecting a farming heritage, or 
ensuring stewardship of the countryside (Garforth, 2015). 
Closely linked to the desire to protect production parameters are farmers’ 
concerns about low (and often fluctuating) profit margins in livestock agriculture, that 
they feel prevent them from re-investing in their farms. For example, pig and beef 
farmers in the UK have both expressed frustrations about high costs of production, 
market uncertainty, supermarket pressure to produce at low price points, and other 
financial restrictions that limit their abilities to reinvest in better equipment and 
buildings or improve management practices (Coyne et al., 2019, 2014; Tunstall et al., 
2019). There are also other industry pressures that drive antimicrobial usage; for 
example, in the USA, beef farmers report that some buyers want animals to be treated 
prophylactically with antimicrobials prior to them being transported (Ekakoro, 
Caldwell, Strand, & Okafor, 2019). Pig farmers in the UK and dairy farmers in 
Sweden also feel that imports of produce from countries with higher antimicrobial 
usage puts them at a competitive disadvantage in terms of trying to reduce 
antimicrobial usage (Coyne et al., 2019; Fischer et al., 2019) and pig farmers across 
Europe report being more concerned about financial and legal issues related to pig 
farming than about the burden of infectious disease in pigs or the threat of AMR 
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(Visschers et al., 2015, 2014). Profitability of the business is a key driver of 
antimicrobial usage amongst beef farmers (Ekakoro, Caldwell, Strand, Strickland, et 
al., 2019) and farmers emphasise that sustained reductions in antimicrobial usage will 
require maintaining acceptable levels of welfare and mortality as well as maintaining 
profit margins and productivity (Buller et al., 2015; Fortané et al., 2015). 
Access to, and use of, local or national treatment guidelines and protocols 
appears to be low amongst farmers. For example, only 42% of dairy farmers in one 
study in the USA reported having any veterinary-written treatment protocols (Habing 
et al., 2016). Furthermore, 36% of these farmers reported that they sometimes feel it 
is necessary to deviate from the protocol by adjusting the dose, route, or duration of 
treatment as specified by the protocol (Habing et al., 2016). In the UK, only 53% of 
dairy farmers had an awareness of RUMA guidelines for antimicrobial use in cattle 
and of these 53%, only 36% fully follow the guidelines (P. J. Jones et al., 2015). 
There may also be literacy or language barriers to responsible use; dairy farmers in 
South Carolina, USA, stress the importance of treatment protocols and training 
materials being made available in Spanish, as well as English, due to a growing 
number of Hispanic employees; they would also like materials to use non-technical 
language (Friedman et al., 2007). Guidelines related to production contracts may be 
more effective at influencing antimicrobial usage by farmers. Organic farming 
systems have tighter regulations surrounding antimicrobial usage (Poizat et al., 2017), 
and treatment thresholds for using antimicrobials are generally higher on organic 
farms than on non-organic farms (Habing et al., 2016). 
 The existence of mandatory regulations can have an impact on farmers’ 
antimicrobial usage, but this does not necessarily result in reduced antimicrobial 
usage across the board. In one survey from the Netherlands, dairy, veal, and pig 
farmers who had more negative attitudes towards regulations had higher levels of 
antimicrobial usage on their farms (Kramer et al., 2017). Furthermore, weak 
regulatory and monitoring systems result in insufficient restrictions on antimicrobial 
usage; for example, in Cambodia, poultry farmers report changing to human 
antimicrobials if they do not see the desired response from the veterinary product (Om 
& McLaws, 2016). However, the possibility of future legislation can sometimes 
influence farmers to proactively engage in stewardship behaviours. In Germany, dairy 
farmers report considering their own antimicrobial usage more critically, as they have 
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seen enforced reductions happen in the pig and poultry sectors (Swinkels et al., 2015). 
It is also likely that different regulatory mechanisms will have differential effects on 
farmers’ usage behaviours. Pig farmers were asked to rate which policies they feel 
would have most impact on antimicrobial usage; financial punishments, such as 
reduced revenue at slaughter for higher antimicrobial usage, were rated as more likely 
to change behaviour than financial rewards, such as bonuses for reducing 
antimicrobial usage (Visschers et al., 2015).  
1.12.5 Summary. This section has outlined the current evidence for how 
farmers’ antimicrobial usage decisions are affected across the four different levels of 
the social ecological framework. At the intrapersonal level, decisions are influenced 
by farmers’ knowledge, experiences, beliefs about antimicrobials, and their 
motivations to change their own behaviour. At the interpersonal level, interactions 
with animals, vets, and other livestock professionals are key influences on farmers’ 
decisions. Factors in the physical environment that affect farmers’ antimicrobial usage 
include the disease burden on farm, time and labour resources, and lack of access to 
effective vaccines or user-friendly instructions. Finally, factors in the social 
environment are important too, including consumer pressure, the costs of medicines 
and access to vets, concerns about production parameters and profitability, and the 
existence of treatment guidelines and regulations. In the final part of this Chapter, a 
summary of the empirical literature review is provided, followed by the aims and 
scope of this thesis.  
 
1.13 Summary of Drivers of Inappropriate Antimicrobial Prescribing and Usage 
across Human and Veterinary Medicine 
To summarise this empirical literature review, it is clear that antimicrobial 
prescribing and usage behaviours in both human and veterinary medicine are complex 
behaviours that are influenced by range of different factors. A social ecological 
framework has been used to structure the review, and there is evidence that all 
prescribers and users are affected by psychological factors at the intrapersonal and 
interpersonal levels of the framework and by environmental factors in their physical 
and social environments. At the intrapersonal level, individuals are influenced by 
factors such as their level of knowledge about AMR and stewardship, by their beliefs 
about their own prescribing or usage, by their emotions relating to outcome 
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uncertainties, and by their habits and previous experiences. At the interpersonal level, 
relationships between doctors and patients, or vets and animal owners and animals, 
are important, as are prescribing norms amongst different groups of prescribers. 
Aspects of the physical environment that influence antimicrobial prescribing and 
usage include the level of disease burden, access to medicines and diagnostic tests, 
weather, housing conditions, and the quality of biosecurity or IPC behaviours. Finally, 
influences in the social environment on prescribing and usage behaviours include 
business concerns, socioeconomic status of human patients and animal owners, access 
to functioning healthcare systems, and the level of enforcement surrounding 
prescribing guidelines and legislation to control or restrict sales of antimicrobials. 
Although similar factors have been identified across all groups of prescribers 
and users, in both human and veterinary medicine, the extent of the evidence differs 
between the two medical domains. There is a much larger body of evidence about the 
drivers of inappropriate antimicrobial prescribing and usage in human medicine than 
in veterinary medicine. This thesis therefore seeks to help address this gap through a 
series of six empirical studies conducted with farm vets, farmers, and vet students in 
the UK. The specific aims of the thesis and an overview of the empirical studies are 
outlined in the next section.  
 
1.14 Aims and Scope of the Thesis 
This review of the existing literature has demonstrated the complexity of 
antimicrobial prescribing and usage behaviours amongst various prescribers and users 
in human and veterinary medicine. There is a relatively large body of evidence 
relating to the drivers of inappropriate prescribing and usage by GPs, hospital doctors, 
and members of the public, including a substantial number of systematic reviews of 
primary qualitative studies and surveys with these groups. A considerable number of 
interventions have also been conducted with different stakeholder groups in human 
medicine that aim to improve awareness of AMR and increase stewardship 
behaviours. Furthermore, stewardship interventions in human medicine are 
increasingly being informed and underpinned by a psychological understanding of 
what drives prescribing and usage behaviours.  
In contrast, there is a relative paucity of research, and especially social 
science-led research, with farm vets, companion animal vets, farmers, and pet owners 
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to understand the drivers of prescribing and usage behaviours in veterinary medicine. 
Although the empirical literature review has identified commonalties across all the 
groups discussed in terms of the factors that can influence prescribing and usage 
behaviours (such as beliefs about AMR, emotions, prescribing norms, and time or 
economic pressures), how these factors manifest and interact in specific contexts is 
likely to vary. AMR is a One Health issue and there needs to be increased 
understanding of the drivers of inappropriate prescribing and usage across the whole 
system, not just in human medicine.  
This thesis aims to contribute to this imbalance in the evidence by seeking to 
further understand the psychological and environmental barriers and facilitators to 
antimicrobial stewardship in veterinary medicine in the UK, with an emphasis on 
livestock farming, as the majority of veterinary antimicrobials sold in the UK are 
indicated for use in livestock animals. The majority of studies that have explored 
antimicrobial treatment decisions by farm vets and farmers, both within and without 
the UK, have either focused on patterns of use and clinical factors or have been 
conducted within the pig industry or in relation to udder health in dairy cows. There is 
therefore a gap in understanding about a range of farm vets’ and farmers’ beliefs 
about AMR and antimicrobial stewardship in general, and how these beliefs may or 
may not contribute to their everyday prescribing and usage behaviours. The broad 
aims of this thesis were therefore:  
• To explore, across different livestock sectors in the UK, farm vets’ and 
farmers’ beliefs about their own prescribing and usage behaviours, about 
AMR, and about antimicrobial stewardship  
• To compare farm vets’ and farmers’ beliefs about their prescribing and 
usage behaviours, about AMR, and about antimicrobial stewardship 
• To experimentally explore the influences of different contextual factors on 
farm vets’ antimicrobial prescribing 
• To assess the impact of farm vets’ values and beliefs about responsibility 
for AMR on their antimicrobial prescribing  
• To assess AMR knowledge and antimicrobial usage behaviours by vet 
students in the UK 
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• To explore farm vets’ and vet students’ beliefs about which groups across 
human and veterinary medicine have responsibility for causing and 
preventing AMR 
 
1.14.1 Thesis structure. In order to address these aims, six empirical studies 
were conducted. These are presented in a series of chapters as outlined below.  
Study One (Chapter Two): Vets’ Beliefs About Antimicrobial Resistance 
and Antimicrobial Stewardship: A Qualitative Study 
Qualitative, semi-structured interviews were conducted with farm vets from 
across the UK (n = 13) to explore their beliefs about antimicrobial prescribing, AMR, 
and antimicrobial stewardship in livestock.  
Study Two (Chapter Three): Farmers’ Beliefs About Antimicrobial 
Resistance and Antimicrobial Stewardship: A Qualitative Study.  
Qualitative, semi-structured interviews were conducted with livestock farmers 
from across the UK (n = 12) to explore their beliefs about antimicrobial usage, AMR, 
and antimicrobial stewardship in livestock. 
Study Three (Chapter Four): Commonalities and Contrasts in Vets’ and 
Farmers’ Beliefs About Antimicrobial Resistance and Antimicrobial 
Stewardship: A Secondary Qualitative Analysis 
A secondary data analysis was conducted on the combined datasets from the 
vet and farmer interviews (n = 25) to explore commonalities and contrasts in their 
beliefs about antimicrobial prescribing and usage, AMR, and antimicrobial 
stewardship in livestock. 
Study Four (Chapter Five): Ideal’ Versus ‘Real-World’ Prescribing: A 
Pilot Study to Develop A Vignette 
A pilot study was conducted with farm vets (n = 16) to develop a clinical 
scenario to be used in a larger vignette study exploring the impact of context on farm 
vets’ prescribing (see Study Five).  
Study Five: (Chapter Six): Testing the Effect of Context, Beliefs, and 
Values on Antimicrobial Prescribing: A Randomised Experimental Vignette and 
Cross-Sectional Survey 
An online, experimental vignette study was conducted to explore the impact of 
context on farm vets’ antimicrobial prescribing decisions. Farm vets (n = 97) were 
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randomly allocated to one of four experimental conditions (control, economic 
pressures, farmer pressures, or relationship pressures). Cross-sectional measures of 
farm vets’ values and beliefs about responsibility for AMR were also taken.  
Study Six (Chapter Seven): Assessing Knowledge, Beliefs, and Behaviours 
Related To Antimicrobial Usage and Antimicrobial Resistance Amongst 
Veterinary Medicine Students: A Multi-Site, Cross-Sectional Survey 
An online, cross-sectional survey with vet students (n = 573) from three UK 
universities was conducted to assess antimicrobial usage behaviour, knowledge about 
AMR, and beliefs about responsibility for AMR.  
General Discussion (Chapter Eight) 
The final chapter synthesises the findings from the empirical studies and 
provides a general discussion and set of conclusions for the thesis. Implications in 
terms of theory, and future research and policy directions are also presented.  
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Chapter Two 
Study One. Vets’ Beliefs About Antimicrobial Resistance and Antimicrobial 
Stewardship: A Qualitative Study 
 
The first chapter of this thesis reviewed the empirical literature exploring the 
drivers of antimicrobial prescribing in human and veterinary medicine. Prescribing by 
doctors and vets appears to be influenced by a range of factors across four different 
levels: the intrapersonal, the interpersonal, the physical environment, and the social 
environment. Whilst there is a large body of evidence for how these drivers influence 
doctors’ prescribing, there is, however, a relative paucity of in-depth qualitative 
research that has explored vets’ antimicrobial prescribing decisions on farms and what 
their beliefs and experiences mean for antimicrobial stewardship. The study presented 
in this chapter therefore sought to help address this gap using semi-structured 
interviews with farm vets from across the UK. 
 
2.1 Introduction 
AMR represents a profound threat to human and animal health (WHO, 2015). 
Although AMR is a natural evolutionary process, increases in the rates of resistance 
amongst microorganisms are driven partly by the inappropriate prescribing of 
antimicrobials by doctors, vets, and other prescribers (Dyar et al., 2016; Hughes et al., 
2012; Review on AMR, 2015b; Trauffler et al., 2014). Tackling AMR will involve 
developing antimicrobial stewardship interventions that enable prescribers to reduce 
the amount of inappropriate prescribing they engage in. Developing effective 
stewardship interventions will require a good understanding of the various non-
clinical factors that influence prescribing by doctors, vets, and other prescribers.  
As discussed in Chapter One, there is evidence that prescribers in both human 
and veterinary medicine are influenced by a range of psychological and 
environmental factors. For example, both doctors and vets are influenced by their 
emotions (Gibbons et al., 2013; King et al., 2018; Mattick et al., 2014), by habit 
(Doidge et al., 2019; Potthoff et al., 2019), and by risk perceptions (Higgins et al., 
2012; Krockow et al., 2019). Doctors’ and vets’ prescribing is also influenced by the 
behaviour and beliefs of their colleagues (Bourély et al., 2018; Broom et al., 2019; 
Hopman et al., 2018; Tonkin-Crine et al., 2011) and by interactions with their clients 
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or patients (Buller et al., 2015; Krockow et al., 2019; M. Smith et al., 2018). Aspects 
of the physical and social environment that influence doctors and vets include time 
pressures (Hardefeldt, Gilkerson, et al., 2018; King et al., 2018; Liu, Liu, Wang, & 
Zhang, 2019; Mateus et al., 2014), poor IPC or biosecurity (Cattaneo et al., 2009; 
Coyne et al., 2014; Om et al., 2016), and local and national policy or guidelines 
(Hardefeldt, Gilkerson, et al., 2018; Hopman et al., 2018; Trivedi et al., 2014).  
The extent of the evidence varies, however, between human and veterinary 
medicine. In human medicine, a large number of studies, using a range of methods, 
have extensively researched the prescribing experiences and behaviours of GPs 
(Pinder et al., 2015; Tonkin-Crine et al., 2011), hospital doctors (Krockow et al., 
2019; Papoutsi et al., 2017), and other prescribers (Rowbotham et al., 2012; Tafa et 
al., 2017). These studies have been conducted in a range of medical contexts, such as 
primary care (Pinder et al., 2015; Teixeira Rodrigues et al., 2013), emergency care 
(Charani et al., 2011), and long-term care (Fleming et al., 2014), and across different 
countries and patient populations (Krockow et al., 2019; Pinder et al., 2015; Teixeira 
Rodrigues et al., 2013; Tonkin-Crine et al., 2011). 
In contrast to the body of evidence that exists in relation to human medical 
prescribers, there is a relative paucity of research exploring vets’ prescribing across an 
equivalent range of specialties, contexts, and countries (Buller et al., 2015; 
Hockenhull et al., 2017). Although the emphasis is beginning to shift, much of the 
published research has focused either on patterns of use (Buckland et al., 2016; 
Chipangura et al., 2017; Hockenhull et al., 2017; Redding et al., 2019) or on the 
clinical factors that influence prescribing, such as underlying animal health or the use 
of antimicrobial susceptibility testing (Bourély et al., 2018; Carmo et al., 2018; De 
Briyne et al., 2013). In studies that have explored non-clinical factors influencing 
vets’ prescribing, much of the emphasis to date has been on areas of high 
antimicrobial usage in veterinary medicine, such as prescribing for pigs (Coyne et al., 
2018, 2016, 2014; Eriksen et al., 2019) or prescribing to treat or prevent udder 
diseases in dairy cows (Espetvedt et al., 2013; Higgins et al., 2017; Scherpenzeel et 
al., 2018).  
What evidence does exist about vets’ prescribing is therefore more tentative 
than the evidence for human medical prescribers, and it is important to continue 
building this evidence base to strengthen claims for factors that potentially affect vets’ 
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prescribing. Whilst existing studies have provided valuable insights into some of the 
drivers of prescribing in specific contexts or with specific species, there has been less 
of a focus on vets’ general experiences relating to antimicrobial prescribing and their 
views about AMR and antimicrobial stewardship, although this is beginning to be 
addressed with a broader range of vets (Buller et al., 2015; Hopman et al., 2018; King 
et al., 2018; Postma et al., 2016; Speksnijder, Jaarsma, Verheij, et al., 2015).  
2.1.1 Aims and research questions. This qualitative study therefore sought to 
help address this gap in understanding, by seeking to explore how farm vets in the 
UK, who work with a range of species, make sense of their everyday antimicrobial 
prescribing decisions in terms of their stewardship responsibilities. Semi-structured 
interviews were conducted, informed by a critical incident approach (Flanagan, 1954), 
to support vets in their discussion of specific prescribing experiences. To the author’s 
knowledge, no study has made use of critical incident methodology in this context. 
The purpose of this study was to explore: 1) farm vets’ beliefs about antimicrobial 
prescribing on-farm, 2) their beliefs about AMR, and 3) how these beliefs may or may 
not support antimicrobial stewardship. 
 
2.2 Methods 
2.2.1 Design. This qualitative study with farm animal vets used semi-
structured, in-depth telephone interviews, which were conducted by Sarah Golding 
(SG) from April to July 2016 and were audio-recorded. The use of telephone 
interviews enabled recruitment of farm animal vets from across the UK, and the one-
off interviews lasted for between 25 and 59 minutes. Participants were requested to 
choose a location where they would not be disturbed for the duration of the interview. 
The study reported here with vets was conducted alongside the qualitative 
study with farmers that is reported upon in Chapter Three. The interview schedules 
for both studies were developed simultaneously and asked deliberately similar 
questions of participants from both professions. 
2.2.2 Participants. Participants were recruited opportunistically at industry 
events, by distributing flyers to potential participants (see Appendix A for the advert). 
Purposive sampling through the research team’s professional contacts and snowball 
sampling from other participants was also conducted. These potential participants 
were all approached via email; of these, two declined to be interviewed (they did not 
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respond to the email invitations). None of the participants had any prior relationship 
with the interviewer, SG, prior to contact for the study, although some had previously 
had professional relationships with another member of the research team, Helen 
Higgins (HH). 
There were no restrictions based on demographic variables. The only inclusion 
criteria were that participants spent at least some of their time working in private 
veterinary practice with livestock (any species) and issued antimicrobial prescriptions. 
Recruitment continued until saturation had been reached (Fusch & Ness, 2015). There 
are no set guidelines for an appropriate sample size, but it is acknowledged there are 
diminishing returns from later interviews (Mason, 2010). Indeed, one systematic 
analysis of the coding process demonstrated that 92% of all codes, and 97% of high-
frequency codes, were identified within the first twelve interviews (Guest, Bunce, & 
Johnson, 2006).  
2.2.3 Materials. Critical incident methodology (Flanagan, 1954) informed the 
interview schedule development. The application of a ‘critical incident technique’ 
(Flanagan, 1954) to qualitative interviews has been demonstrated elsewhere (e.g. 
Bradley, 1992; M. Clark, Lewis, Bradshaw, & Bradbury-Jones, 2018; Muir & Ogden, 
2001), and this technique can aid participants’ thinking, by asking them to recall 
specific, concrete prescribing examples. The application of this technique here was 
dual-purpose: 1) to prompt participants to discuss concrete examples, to aid their 
thinking and 2) to elicit different examples of antimicrobial usage incidents. To avoid 
the risk that participants responded narrowly by focusing on a specific incident, they 
were asked about three different incidents and prompts were used to encourage them 
to elaborate. By encouraging participants to discuss different examples in this way, 
richer and more varied data about participants’ beliefs and thought processes around 
prescribing decisions can be collected.  
 The interview schedule was developed and piloted with two vets to assess 
understanding and acceptability of questions. The schedule included predominantly 
open questions, with additional prompts, and was designed to facilitate free 
discussion. Participants were asked three prescribing incident questions: “Please can 
you tell me about a recent example of when [you had to prescribe an antibiotic / the 
decision to prescribe an antibiotic was less clear-cut / you could have prescribed 
antibiotics but decided not to]?”. Participants were then asked about the wider issue of 
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AMR; questions included “what does the term antimicrobial resistance mean to 
you?”, “where do you get information about AMR from?”, “do you think antibiotic 
use in farming has any role to play in driving resistance in animals / humans?”, and 
“who do you think might have a role to play in addressing AMR?”. Towards the end 
of the interviews, participants were also asked how concerned they were about AMR 
in both humans and animals. Concern was rated from one (not at all concerned) to 
five (very concerned). See Appendix B for the full interview schedule. 
2.2.4 Procedure. Participants were sent an online survey link (hosted in 
Qualtrics) to the information sheet, consent form, and demographics questionnaire, 
and instructed to complete this prior to their interview (see Appendices C, D and E). 
Demographic data were collected for age, gender, ethnicity, length of time since 
qualifying, and species commonly worked with. A screening question established that 
participants were currently involved in prescribing antimicrobials. 
 SG advised participants at the start of the interviews that she was a PhD 
student and trainee health psychologist and had neither a veterinary nor farming 
background, so they knew they were not speaking with a fellow vet; the aim was to 
encourage participants to speak freely about their decision-making to someone who 
was external to their profession, and to encourage participants to avoid the use of 
technical terminology that could be open to mis-interpretation in the analysis. 
Participants were made aware that the study would contribute to SG’s doctoral 
research about antimicrobial use in UK agriculture but were not advised of the 
specific purpose of the study until they were debriefed. The interview schedule guided 
the conversations, but the order and nature of questions was adapted based upon 
participants’ responses as their interview progressed. After the interview, participants 
were debriefed and offered the opportunity to enter the prize draw. 
2.2.5 Data analysis. Interviews were transcribed, using an orthographic 
approach, and data were analysed using thematic analysis (Braun & Clarke, 2006). 
Field notes were not taken during the interviews and SG did not provide the 
transcripts or early analyses to participants for their comments. Coding and theme 
development was undertaken by SG using NVivo for Mac (Version 11) (QSR 
International Pty Ltd); SG led the analysis, development of codes, and generation of 
early themes, but codes and themes were refined through repeated discussion with HH 
and Jane Ogden (JO). An explicitly data-led approach was taken; an iterative and 
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interpretative analysis was conducted using Braun and Clarke's (2006) six phase 
process of thematic analysis. Phases one to three of this process involved getting 
familiar with the data through repeated listening and transcription, generating and 
refining codes to identify meaningful sections of text, and outlining an initial set of 
themes. The coherence and conceptual distinctness of these themes were reviewed 
and refined in phases four and five. The final stage, phase six, involved the report 
writing itself. Thematic analysis is not, however, a linear process; throughout the 
analysis there was a constant process of code and theme refinement and moving 
between phases two to six. To examine differences in participants’ concern about 
AMR in humans and in animals a Wilcoxon Signed-Rank test was conducted. 
2.2.5.1 Justification for analytic approach. Thematic analysis was selected as 
the most appropriate approach to analysing the data for a number of reasons. Firstly, 
the study assumed a critical realist stance towards data collection. Critical realism is 
an epistemological position that sits between realism and relativism; it reflects the 
tension that exists between attempting to access and study an objective reality, whilst 
acknowledging that the data collected do not provide direct access to such a reality 
(Willig, 2008, p. 13). A critical realist approach asserts that knowledge production is 
about the discovery of an ‘objective truth’, but that this discovery is necessarily 
driven and constrained by language and other social structures. In other words, 
knowledge can be ‘discovered’ through scientific methods, but the process of 
discovery and accumulation of knowledge is inevitably socially constructed (G. Potter 
& Lopez, 2008). Thematic analysis is not rooted in any theoretical, epistemological, 
or ontological position (Braun & Clarke, 2006), and so can be suitably applied within 
a critical realist approach.  
 The second reason for using thematic analysis is linked to this critical realist 
approach, and centres around the focus of the research questions, which sought to 
directly explore what vets reported as influencing their prescribing decisions, and 
understandings of the potential risks from AMR. The emphasis of the analysis was on 
what vets said, rather than how they said it, and as such, a number of other analytical 
approaches were effectively ruled out at this stage. For example, if the research 
question had taken a purely social constructionist stance, to explore more deeply how 
vets used language to construct their positions, then a discourse analysis might have 
been more appropriate (J. Potter & Wetherell, 1987). Equally, if the question had been 
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more focused on the experiential nature of being a prescribing vet and had sought to 
explore vets’ idiosyncratic sense-making, then an interpretive phenomenological 
analysis (J. A. Smith, Flowers, & Larkin, 2009) could have been applied.  
 Finally, the choice of thematic analysis was also influenced by considering the 
intended audience of this study, primarily vets and farmers, but also potentially 
policy-makers. It has been argued that thematic analysis can generate results that are 
more accessible to non-specialist members of the public, and it can usefully guide 
qualitative approaches designed to inform policy development (Braun & Clarke, 
2006; Howitt, 2013). Thematic analysis was therefore deemed to be the most 
appropriate analytical approach for this study. 
2.2.6 Ethics. Participation was voluntary, and participants were advised they 
could withdraw without providing a reason, until a pre-specified date. Informed 
consent was taken online prior to each interview. On one occasion where online 
consent was not completed in advance, SG took verbal consent before commencing 
the interview. All participants were offered the opportunity to enter a prize draw for a 
£25 shopping voucher. The study was granted a favourable ethical opinion by the 
University of Surrey Ethics Committee (Reference: UEC/2016/008/FHMS, see 
Appendix F). The COREQ (consolidated criteria for reporting qualitative studies) 
checklist (Tong, Sainsbury, & Craig, 2007) was used to guide reporting for this study. 
 
2.3 Results 
Participants were 13 farm vets (six women, seven men) working in private 
practice, from across England, Wales, and Scotland, who all described their ethnicity 
as white. The age range of ten participants was 24 to 58 years (median (mdn) = 30.50, 
interquartile range (IQR) = 11.25); three participants declined to disclose their age. 
Participants had been qualified for between 1 and 34 years (mdn = 7.50, IQR = 14.75) 
and three participants reported having postgraduate veterinary diplomas. Most 
participants (n = 10) described their current role as at the assistant or employee level, 
whilst three participants worked at partner or management level. For individual 
demographic descriptions, including the species with which participants reported 
working, please see Table 2.1. All participants have been given a pseudonym.  
A Wilcoxon Signed-Rank test was performed to compare participants’ levels 
of concern (on a scale of one, not at all, to five, very) about AMR in animals (mdn = 
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2.50, IQR = 2.00) and AMR in humans (mdn = 4.00, IQR = 1.25). Vets were 
significantly more concerned about AMR in humans than in animals, T = 55.00, z = 
2.88, p = .004, r = .56 (see Figure 2.1). 
 
 
Figure 2.1. Participants’ responses to “How concerned would you say you are about 
AMR in animals / humans?”. 
 
The thematic analysis generated four key themes (see Figure 2.2). The 
findings presented in the first theme, ‘The gap between knowledge and behaviour’, 
were explained by the second, third, and fourth themes: ‘Situational factors’, ‘Farmer 
variability’, and ‘Relationship management’. These themes and their sub-themes will 
now be discussed using exemplar quotes.  
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Table 2.1 
Demographic Characteristics of Vet Participants 
Participant 
pseudonym 
Age 
(range)* Gender Ethnicity 
Years 
qualified 
(range) Role level 
Post-graduate 
qualification 
Species often 
working with** 
Species sometimes 
working with** 
Species  
rarely/never  
working with** 
Richard 51-60 Male White 31-40 Partner / 
Management 
No Pigs N/A Beef, dairy, goats, horses, 
poultry, small animals, 
sheep  
Matt 21-30 Male White 1-5 Assistant / 
Employee 
No Dairy Beef, sheep Goats, horses, pigs, 
poultry, small animals 
Lisa - Female White 1-5 Assistant / 
Employee 
No Beef, dairy, sheep Goats, pigs Horses, poultry, small 
animals 
Hannah 21-30 Female White 1-5 Assistant / 
Employee 
No Beef, dairy Sheep Goats, horses, pigs, 
poultry, small animals 
Cathryn 31-40 Female White 11-20 Assistant / 
Employee 
No Beef, small 
animals, sheep 
Goats, horses, pigs, 
poultry  
Dairy 
David 21-30 Male White 1-5 Assistant / 
Employee 
No Beef, dairy,  Sheep Goats, horses, pigs, 
poultry, small animals 
Andy 31-40 Male White 6-10 Assistant / 
Employee 
Yes Dairy Beef, sheep Goats, horses, pigs, 
poultry, small animals 
Philip - Male White 11-20 Assistant / 
Employee 
Yes Dairy, sheep Beef,  Goats, horses, pigs, 
poultry, small animals 
Jenny 21-30 Female White 6-10 Partner / 
Management 
No Beef, dairy, sheep N/A Goats, horses, pigs, 
poultry, small animals 
Susie - Female White 1-5 Assistant / 
Employee 
No Dairy, goats, 
sheep 
Beef,  Horses, pigs, poultry, 
small animals 
James 31-40 Male White 11-20 Assistant / 
Employee 
No Dairy Beef, sheep Goats, horses, pigs, 
poultry, small animals 
Gemma 21-30 Female White 6-10 Assistant / 
Employee 
No Beef, dairy,  Sheep Goats, horses, pigs, 
poultry, small animals 
George 51-60 Male White 31-40 Partner / 
Management 
Yes Beef, dairy, goats, 
sheep 
Pigs Horses, poultry, small 
animals 
Note. * Where no age is provided, participants declined to provide this information. ** Species listed alphabetically. N/A = not applicable 
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Figure 2.2. Overview of key themes and sub-themes from vet interviews.  
 
2.3.1 Theme 1. The gap between knowledge and behaviour: “we all have 
this wonderful ideal”. The first theme explores the gap between vets’ knowledge 
about AMR and antimicrobial stewardship and their antimicrobial prescribing 
behaviour. There are two sub-themes: ‘Awareness of risks’ and ‘Varying salience of 
risks’.  
2.3.1.1 Sub-theme 1.1. Awareness of risks. Vets clearly recognised the 
potential threats from AMR for animal health, and were aware their own prescribing 
played a part in this:  
Theme 1: The Gap Between 
Knowledge and Behaviour
1.1 Awareness of risks
1.2 Varying salience of risks
Theme 2: Situational Factors
2.1 Understanding the farm
2.2 Understanding the pathogen
2.3 Understanding the economics
Theme 3: Farmer Variability
3.1 Farmer competence and 
adherence
3.2 Limited control over farmer 
behaviour
3.3 Challenges with personality and 
engagement
Theme 4: Relationship 
Management
4.1 Fear of negative outcomes
4.2 Maintaining trust
4.3 Challenging farmers’ 
expectations
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“It’s always in the back of your mind, every time you prescribe an antibiotic… 
am I selecting for resistance in any way, what is the best way to treat this 
animal appropriately?” (Lisa, cattle and sheep vet). 
They were especially concerned with protecting animal welfare and the potential for 
AMR to impact the availability and effectiveness of antimicrobials in livestock. Vets 
stressed they did not want animals to suffer as a result of restricted treatment options, 
either through legislation or increased AMR. Opinions were, however, mixed 
regarding tighter regulation:  
“It would be good for antibiotic choice and usage, however I think it would be 
another nail in the coffin for the farming industry” (Hannah, cattle vet). 
Although there are difficulties in tracking specific transmission pathways for 
resistance genes amongst bacteria, some vets did acknowledge the risks (to both 
animal and human health) of driving resistance from veterinary antimicrobial use: 
“Every time we reach for any antibiotic, no matter what species it’s in, I’m 
sure that puts some pressure on the global bacterial colony” (Susie, dairy, 
sheep, and goat vet).  
2.3.1.2 Sub-theme 1.2. Varying salience of risks. Despite this apparently high 
awareness of the risks from AMR, the salience of these risks in vets’ everyday 
prescribing decisions varied. Whilst some vets reported “making a conscious effort 
to…avoid certain classes of antibiotics” (Gemma, cattle vet), others were candid 
about feeling other considerations were more important when prescribing. One 
recently qualified vet stated:  
“I’ve got enough issues trying to make sure I get things right…thinking about 
the bigger picture, I’m not doing it [prioritising stewardship] at the minute… 
once I’m comfortable with my work, I will then” (Matt, dairy vet). 
There was, therefore, some indication that AMR is not always prioritised in vets’ day-
to day prescribing and is “just something else to be weighed up against all the other 
factors” (David, cattle vet). Vets appear to adjust their prescribing, sometimes at the 
expense of stewardship principles, to account for the specific context of their 
decision:  
“I’m sure we all have this wonderful ideal of what we would like to do…but 
actually, keeping it, and putting it into practice can sometimes be a bit 
trickier” (Gemma, cattle vet). 
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For some vets, the theoretical risks from AMR were not very salient, and most felt 
they rarely encountered drug-resistance on farms. Vets did report experiencing 
treatment failure, but acknowledged they rarely attributed this to resistance:  
“I suppose the thing is if they [the animal] don’t get better, you don’t say the 
antibiotic hasn’t worked, you probably just think they’re too far gone” 
(Cathryn, beef and sheep vet).  
Vets therefore report a gap between their knowledge about AMR and their own 
prescribing behaviour; they attribute this gap to the contextual challenges they face 
when making prescribing decisions. How such contextual factors influence vets’ 
antimicrobial prescribing will be explored across the next three themes. 
2.3.2 Theme 2. Situational factors: “treatments…they’re farm specific”. 
The second theme explores how vets’ perceptions of the situational factors on-farm 
influences their prescribing and has three sub-themes: ‘Understanding the farm’, 
‘Understanding the pathogen’, and ‘Understanding the economics’. 
2.3.2.1 Sub-theme 2.1. Understanding the farm. Disease was acknowledged 
to be influenced by farm-specific factors, including the quality of infrastructure and 
underlying health status of animals. Vets therefore felt the most appropriate treatment 
varied across different farms, farming systems, and industries:  
“Treatments…might be generic…but even then, they’re farm specific really, 
you need to know what’s going on on the farm to be able to advise them” 
(Philip, dairy and sheep vet). 
Responsible antimicrobial use consequently required an understanding of the specific 
situation on-farm, and vets stressed the importance of familiarity with the farm’s 
disease and treatment history when assessing treatment options:  
“If somebody walked in there with no prior knowledge of the farm, the 
situation…they’d be wasting their time and [the] farmer’s time” (Matt, dairy 
vet).  
2.3.2.2 Sub-theme 2.2. Understanding the pathogen. Uncertainty in 
determining the causal agent was regularly mentioned as driving antimicrobial use in 
situations where antimicrobials were not definitely needed. Vets wanted to make 
greater use of diagnostic testing to reduce inappropriate prescribing, but felt this was 
often impractical, with time delays the most commonly cited barrier:  
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“If you’ve got an acutely ill animal that needs…treatment immediately, you 
can’t really sit and wait for 48 to 72 hours to grow something on a plate” 
(David, cattle vet).  
Diagnostics were sometimes used following failed empirical treatment, but vets 
acknowledged that relatively little testing is used to inform day-to-day prescribing: 
“We probably don’t do enough of trying to work out what the sensitivity of the 
bacteria are to be honest” (Andy, dairy vet). 
Vets felt routine collection of medicine usage data could be better utilised to support 
herd health decisions on different farms, and some wanted to see more widespread 
diagnostic testing:  
“It would be good to have a picture of what’s going on in a herd…what bugs 
they’ve got, and what they’re sensitive to” (Philip, dairy and sheep vet). 
2.3.2.3 Sub-theme 2.3. Understanding the economics. Vets were sensitive to 
financial pressures faced by farmers, which they felt limited their ability to help 
farmers reduce inappropriate antimicrobial use:  
“Farms that can’t afford to reinvest…you can’t get away with not using 
antibiotics on those farms because the animals are gonna be exposed to the 
infection, because…the housing side is not kept up” (James, dairy vet). 
In relation to dairy cattle in particular, vets expressed a conflict between a desire to 
prescribe responsibly and having to consider milk yields and withdrawal periods 
(during which time milk from antimicrobial-treated cows cannot be sold). Several 
participants mentioned concerns about certain CIAs (third and fourth generation 
cephalosporins) having very short, sometimes nil, withdrawal periods, which meant 
farmers could still sell milk from treated cows. This presented vets with an economic 
challenge to prescribing alternative drugs: 
“For those animals giving a lot of milk it’s harder to say, well actually, I think 
we should go for a penicillin because it’s a more responsible choice, but that 
means you’re not gonna be able to put milk in the tank” (Lisa, cattle and 
sheep vet). 
In some cases, then, vets would prescribe against their stewardship ideals to buffer 
farmers from potential financial loss, avoid an awkward conversation about 
economics, or ensure animal welfare was maintained. 
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Nonetheless, vets did sometimes report using economic arguments to persuade 
farmers to agree to alternative treatments. If they felt their cost-benefit analysis was in 
favour of not using antimicrobials, vets would share this with farmers. Vets also 
stressed that because antimicrobials cost money, they believed farmers did generally 
use them only when necessary. Another strategy vets used to reduce antimicrobial use 
was to emphasise to farmers the economic benefits of disease prevention:  
“By managing, preventing, reducing lameness in sheep flocks, actually there’s 
a reduction in antibiotic usage there instantly…[and] huge welfare benefits 
and performance benefits” (Susie, dairy, sheep, and goat vet). 
 This theme therefore illustrates how vets’ judgements about the most 
appropriate treatment can shift according to their perceptions of the specific situation 
on-farm.  
2.3.3 Theme 3. Farmer variability: “we will usually manage them 
differently”. The third theme explores how vets’ prescribing is influenced by their 
perceptions of the varying knowledge, abilities, and personalities of farmers, and 
consists of three sub-themes: ‘Farmer competence and adherence’, ‘Limited control 
over farmer behaviour’, and ‘Challenges with personality and engagement’. 
2.3.3.1 Sub-theme 3.1. Farmer competence and adherence. It was evident 
that vets respected farmers’ knowledge regarding their animals, and they typically 
incorporated the farmer’s views into their treatment decisions. Occasionally, however, 
vets felt they gave farmers too much credit in this shared decision-making, sometimes 
resulting in inappropriate use of antimicrobials:  
“I think as vets we fall into the trap of saying yes [to antibiotics]…I think 
we’re all very good at just assuming that farmers know what they’re doing, 
because quite often they do, but sometimes they don’t” (Lisa, cattle and sheep 
vet). 
Mostly, vets felt farmers followed their treatment advice. If, however, a vet was 
concerned that a farmer might not adhere to the treatment plan, they would account 
for this when prescribing:  
“We will usually manage them [farmers] differently…potentially change what 
drugs we use…if there’s more than one option available…and we’ve got one 
that lasts longer, we would use that” (Jenny, cattle and sheep vet).  
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To improve adherence, vets would sometimes recommend blanket treatment to cover 
a group of animals if they felt the farmer would not, or could not, administer 
treatment effectively. If, however, they trusted the farmer’s ability to adhere, vets felt 
more comfortable prescribing more involved, targeted regimes:  
“A particularly diligent stockman who was actually gonna get most of the 
individual cases…we might just ask them to inject. If we felt they were gonna 
miss half the cases, then we might prefer to blanket medicate” (Richard, pig 
vet).  
Vets were aware that farmers are busy people, with many demands on their time, and 
they sometimes prescribed long-acting doses, to reduce the farmer’s workload. Long-
acting doses were also sometimes prescribed for other practical reasons, such as ease 
of administration, or even farmer safety:  
“[It] wasn’t so much that I didn’t think he wanted to comply, it’s just that I 
didn’t want him to get killed trying to comply [laughs]…she [the cow] was 
nuts, she was really angry” (Jenny, cattle and sheep vet).  
2.3.3.2 Sub-theme 3.2. Limited control over farmer behaviour. Linked to 
concerns about adherence, vets also expressed frustrations about a lack of knowledge 
and control over treatment administration more broadly on-farm. For example, vets 
perceived difficulties in ensuring effective communication between personnel:  
“Realistically you can’t train every stockman in responsible use of antibiotics, 
it’s very difficult…the relief stockman…he’s seen the stockman do something, 
so he thinks he’ll do the same” (George, cattle, sheep, and goat vet).  
As farmers often have antimicrobials in stock on the farm, they can administer 
treatment without seeking specific advice: 
“It’s not uncommon to turn up on farm and they’ve already given her 
something that you wouldn’t necessarily have recommended” (Gemma, cattle 
vet). 
Additionally, where there are pre-agreed herd health plans in place, farmers can also 
access antimicrobials relatively easily via veterinary practice receptionists. Vets 
expressed mixed feelings about such arrangements. Although they were seen as 
practical and well-functioning in many cases, vets were aware that sometimes these 
arrangements, which they signed off, could contribute to inappropriate prescribing: 
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“The farmer can phone in the morning, as long as what they’re asking for is 
on the list, and…they’ve not exceeded their volume…or it doesn’t flag up as 
an unusual request, they’ll be allowed to have it…this is where the difficulty 
comes in…they’re using antibiotics without us being there” (Andy, dairy vet).  
2.3.3.3 Sub-theme 3.3. Challenges with personality and engagement. 
Perceived differences in farmers’ personalities also influenced vets’ decision-making, 
and they admitted sometimes changing prescribing decisions based on these 
perceptions:  
“Alamycin I’d probably suggest giving two courses [but] for an impatient 
farmer, I suggest giving one course and then moving onto another drug just 
because of the type of farmer that he is” (Hannah, cattle vet).  
Farmer personality also influenced vets’ willingness to raise the topic of antimicrobial 
stewardship and discuss alternative drugs or prevention with vaccinations: 
“There’s only so many times you can have the conversation and not get 
anywhere though [laughs]” (Jenny, cattle and sheep vet).  
There was also frustration that some farmers appeared resistant to engaging with vets’ 
efforts to encourage more responsible use:  
“The trouble is…getting through to farmers that are doing it wrong, [they] 
will not attend any courses, or listen to anything you’ve got to say” (Cathryn, 
beef and sheep vet). 
Vets were keen to engage farmers in discussions about antimicrobial stewardship, but 
perceived some farmers would only be motivated by changes in external 
circumstances, such as contractual obligations from milk or meat purchasers 
surrounding antimicrobial use:  
“Even if it’s just in line with advice the vet has been giving them for years… 
whether they agree with it or not, want to do it or not, they tend to just 
comply” (David, cattle vet). 
Nonetheless, vets did report successfully engaging with some farmers to improve 
antimicrobial use. A common tactic was bringing farmers together:  
“Farmers that have done it and had success…it’s about getting them 
together…to share their experiences” (James, dairy vet).  
Intriguingly, there was a suggestion that vets’ own perceptions of their farmer clients 
could be wrong. If they could find a way to engage a particular farmer, vets could 
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have an unexpected impact on farmer behaviour and successfully reduce 
antimicrobial use:  
“He’s taken that [vaccination] on board from the word go…he’s not someone 
you’d expect would be so easy, but he’s been a very easy example” (Andy, 
dairy vet).  
This theme therefore highlights how vets’ prescribing ideals are challenged, and their 
decisions influenced by, the individual differences they perceive between farmers. 
2.3.4 Theme 4. Relationship management: “you’re under pressure from 
the client”. The fourth theme explores how antimicrobial prescribing is influenced by 
vets’ need to protect their relationships with farmers and has three sub-themes: ‘Fear 
of negative outcomes’, ‘Maintaining trust’, and ‘Challenging farmers’ expectations’.  
2.3.4.1 Sub-theme 4.1. Fear of negative outcomes. Central to some 
prescribing choices by vets was an underlying need to manage their own, and the 
farmers’, emotions, especially in situations of clinical uncertainty. Vets were 
concerned about negative outcomes for the farmer, the animal and their own 
reputations. They were especially concerned about actively refusing treatment or 
recommending alternative antimicrobials:  
“If you’re not going to prescribe antibiotics to a sick animal, you have to be 
very certain it’s a viral infection, and that is very hard to prove, very quickly” 
(George, cattle, sheep, and goat vet).  
“If you don’t use the drug they’re expecting you to use and the cow dies, then 
they’re gonna blame you and the drug really” (Hannah, cattle vet). 
In some situations, such as when health records were incomplete, vets were not 
prepared to delay or recommend alternative treatments, as they felt they lacked 
sufficient information to make informed risk decisions. At other times, however, vets 
did prescribe even when they felt withholding treatment was low risk:  
“Scenarios in which…the risk is quite small, and you’re under pressure from 
the client to prescribe anyway, because there is still a risk” (David, cattle vet).  
Although vets did discuss ambiguous clinical situations when they chose not to 
prescribe, they also admitted that sometimes the potential risk, and associated 
emotional cost, was just too great. Uncertainty and anticipated negative emotions 
were therefore sometimes managed by prescribing antimicrobials:  
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“There’s always the fear…[with] E. coli mastitis, there’s evidence to suggest 
that actually you don’t really need to prescribe an antibiotic, but quite often 
we do, and I have to say, I don’t think I’d be brave enough not to prescribe an 
antibiotic” (Lisa, cattle and sheep vet).  
2.3.4.2 Sub-theme 4.2. Maintaining trust. Vets felt farmers had a lot of 
respect for them, but it took time to develop the good communication and trust 
required to perform the veterinary role effectively:  
“I think you need to build up your repertoire with the farmers before they’ll 
pay any attention to you” (Matt, dairy vet).  
Vets therefore wanted to avoid damaging this hard-earned trust, and there was an 
underlying fear of jeopardising the relationship if they refused antimicrobials. As 
provision of veterinary services to livestock in the UK is a competitive industry, vets 
were very aware that farmers could take their business elsewhere:  
“Sending someone away with no treatment is not easy, you have to be fairly 
confident in your client relationship…if they can’t accept it, they’ll either go 
down the road for a second opinion or come back and say I don’t want to see 
that useless vet who didn’t give my animal any treatment” (George, cattle, 
sheep, and goat vet). 
Occasionally, vets also felt farmers just expected them to do something; that doing 
nothing would somehow feel inadequate. Vets acknowledged the psychological 
benefits to the farmer from the act of treating, even when treatment might be 
inappropriate:  
“Even though if you didn’t give the antibiotic it [the animal] would have 
looked better, it gives them [farmers]…peace of mind that they’ve done 
something to actually try and help that animal” (Hannah, cattle vet). 
2.3.4.3 Sub-theme 4.3. Challenging farmers’ expectations. Vets 
acknowledged their professional responsibility to prescribe responsibly, and knew 
they should challenge farmers’ expectations surrounding antimicrobial treatment:  
“Occasionally farmers will ask us to give a specific drug for a specific reason 
just ‘cos somebody’s given it before…you have conversations, say you realise 
this might not work” (Philip, dairy and sheep vet). 
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Breaking habits and expectations was recognised as hard, but vets did discuss 
examples of when they had managed to change habits on-farm. Nonetheless, they 
admitted sometimes prescribing to avoid or resolve awkward consultations:  
“You occasionally get someone who’s like, well I think it needs this, and 
you’re like, well I think it doesn’t…you can end up having a little row and you 
just, you know, for the sake of an easy life, sometimes you’re just like fine, 
fine, you’re wrong, but fine” (Gemma, cattle vet). 
Some vets also suggested the business element of the vet-farmer relationship 
prevented them from always challenging farmers’ expectations for antimicrobials. 
Ultimately, vets might recommend treatment against their judgement to maintain the 
client relationship:  
“We trip over ourselves to keep our clients happy…I’m surprised at other 
practices where, if they don’t like a farmer they just tell him to go elsewhere” 
(Cathryn, beef and sheep vet).  
This final theme therefore demonstrates how vets feel they cannot always prescribe 
according to stewardship ideals out of concerns for damaging their relationships with 
farmers.   
 
2.4 Discussion 
This qualitative interview study set out to explore the beliefs that farm vets 
working in the UK hold about their own antimicrobial prescribing in relation to 
antimicrobial stewardship. The key findings were that although vets clearly 
understand the potential threats from AMR and know they should practice good 
antimicrobial stewardship, there is a gap between their knowledge and their 
behaviour. Vets in this study reported that their behaviour sometimes differs from 
their prescribing ideals due to various contextual factors that they experience in their 
day-to-day clinical practice. These contextual factors are situational factors on the 
farm, farmer variability in personality and ability, and the need for vets to manage 
their relationships with their farmer clients.  
Farm vets in this study reported that their prescribing decisions were 
influenced by the specific situations they encountered on farms, and they discussed at 
length how practical factors such as housing, farming systems, and a determination of 
likely causative agents shaped their treatment decisions. Vets stressed the importance 
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of having a good understanding of the clinical history of individual animals and of 
patterns of disease in a specific herd or flock. Diagnostic tests were viewed as a 
valuable tool to improve antimicrobial stewardship, but vets in this study mostly felt 
that current diagnostic technology was too slow to be of use in everyday clinical 
practice or was inaccessible in terms of clinical practice on farms. Vets felt that 
current diagnostic technology had greater benefit in helping guide second-line 
treatment, or in managing herd health for longer-term issues. Similar views about 
current diagnostic technology having limited value for guiding first-line treatments 
have been expressed by doctors working in hospitals, the community, and long-term 
care facilities (Fleming et al., 2014; Om et al., 2016; Skodvin et al., 2015) as well as 
by other farm vets (Carmo et al., 2018; Coyne et al., 2016; De Briyne et al., 2013; P. 
A. Robinson & Epperson, 2013; Sawford et al., 2013) and companion animal vets 
(Fowler et al., 2016; Hardefeldt, Gilkerson, et al., 2018; Hopman et al., 2018; King et 
al., 2018; Mateus et al., 2014). 
Although vets were aware of the benefits of preventive medicine to improve 
antimicrobial stewardship, they were also aware that some of the measures they might 
want to recommend would be beyond the financial capability of some farmers to 
implement. Economic challenges on farms were regularly mentioned by vets in this 
study as being a barrier to reducing antimicrobial usage. Similar findings have been 
found in other veterinary contexts. For example, pig vets in the UK and farm vets in 
the Netherlands have reported that economic constraints on farms are a barrier to 
improving management practices to reduce antimicrobial usage (Coyne et al., 2016, 
2014; Speksnijder, Jaarsma, van der Gugten, et al., 2015; Speksnijder, Jaarsma, 
Verheij, et al., 2015). Economic pressures on patients and clients also influence 
prescribing in companion animal medicine and human medicine (Kipperman et al., 
2017; Pinder et al., 2015; Servia-Dopazo & Figueiras, 2018; Teixeira Rodrigues et al., 
2013). Nonetheless, farm vets in this study did also discuss scenarios when they felt 
that economic arguments could be used in favour of reducing antimicrobial usage or 
switching to a more responsible antimicrobial class. The economic benefits of 
reducing antimicrobial usage have been less commonly discussed in previous studies 
with vets, but pig vets in the UK have reported that they can reduce farmers’ demand 
for CIAs by increasing the price of those drugs (Coyne et al., 2016).  
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The beliefs that farm vets hold about farmers also influence their prescribing 
decisions, according to participants in this study. Vets appear to account for 
individual differences between farmers, such as personality or ability to adhere to 
treatment plans, by adjusting their treatment recommendations, which can sometimes 
be at the expense of stewardship ideals. There may also be some situations where vets 
avoid recommending changes to treatment plans, such as switching away from third 
and fourth generation cephalosporins, or changing from blanket dry cow therapy to 
selective dry cow therapy (Higgins et al., 2017), especially if they feel a farmer is 
resistant to change or not open to discussions about antimicrobial stewardship and 
responsible usage. Vets also admitted that they did not always challenge a farmer’s 
expectations for antimicrobials. Vets and doctors in other contexts also report 
adjusting their prescribing decisions as a result of their beliefs about, and interactions 
with, patients and clients (King et al., 2018; Pinder et al., 2015; Sakeena et al., 2018; 
Servia-Dopazo & Figueiras, 2018; M. Smith et al., 2018; Speksnijder, Jaarsma, van 
der Gugten, et al., 2015; Teixeira Rodrigues et al., 2013). 
Clinical uncertainty and the fear of making an incorrect diagnosis was 
commonly mentioned by farm vets in this study. Withholding antimicrobial therapy in 
ambiguous situations was also perceived to be risky, and not just for the patient. Vets 
expressed concern about changing or withholding treatment, as they did not want to 
risk a negative outcome for the animal, but they also did not want to risk a negative 
outcome for the farmer and the farmer’s business or to their own professional 
reputation as a competent farm animal vet. In situations of clinical uncertainty and 
ambiguity, vets in this study admitted that they would sometimes prescribe 
antimicrobials as a way of managing the diagnostic, prognostic, emotional, and 
financial uncertainties associated with such situations. These concerns about clinical 
uncertainty and fear of making an incorrect treatment recommendation echo the 
concerns of other prescribers across human and veterinary medicine (King et al., 
2018; Krockow et al., 2019; Pinder et al., 2015; Teixeira Rodrigues et al., 2013; 
Tonkin-Crine et al., 2011). 
Finally, farm vets in this study also reported that the nature of the relationship 
between them and their farmer clients was a key factor influencing their antimicrobial 
prescribing decisions. Vets were especially concerned with establishing and 
maintaining trust between themselves and their farmer clients. This may partly be due 
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to the competitive nature of veterinary medicine in the UK and a concern amongst 
participants in this study that a dissatisfied farmer can choose to take their business 
elsewhere. Indeed, similar concerns have been expressed by vets and doctors in other 
contexts and these concerns about maintaining client satisfaction can sometimes lead 
to inappropriate antimicrobial prescribing (Hardefeldt, Gilkerson, et al., 2018; King et 
al., 2018; Sakeena et al., 2018; Servia-Dopazo & Figueiras, 2018; M. Smith et al., 
2018). The need to maintain trust is also, however, likely related to the fact that 
maintaining livestock health and preventing disease on farms requires a lot of 
collaborative working between vets and farmers. Good relationships between vets and 
farmers, founded on trust and good communication, are essential for vets to be able to 
perform their role effectively, both for treating acutely ill animals and for advising 
farmers on broader issues such as herd health planning. 
2.4.1 Limitations. This study set out to explore prescribing decisions by farm 
vets who worked with a range of livestock species in the UK, to understand common 
themes that transcend different species and prescribing scenarios. The target 
population for recruitment had included specialist vets working with pigs and poultry, 
as well as vets who identified as cattle vets, sheep vets, or generalist farm vets. 
Access to specialist pig and poultry vets was limited, however, as there are fewer 
numbers of these vets practicing in the UK, relative to those working with sheep and 
cattle. Although attempts to recruit these specialist vets were made, only one 
specialist pig vet agreed to participate. As such, this study may be missing additional 
perspectives from vets who work predominantly with pigs or poultry. 
2.4.2 Implications. The findings from this interview study with farm vets 
suggest that although they understand their role as antimicrobial stewards, they feel 
prevented from always acting in line with stewardship ideals by a range of contextual 
factors. Understanding which of these contextual factors has the greatest influence on 
stewardship behaviours will be key to developing effective, theory-based 
interventions with farm vets and other prescribers. By identifying important, 
modifiable factors that drive inappropriate prescribing in veterinary medicine, such 
factors can be targeted, for example in behaviour change interventions or through the 
introduction of new policy levers. Understanding the influence of context on farm 
vets’ prescribing has been further explored for this thesis in a larger experimental 
vignette study, which is reported upon in Chapter Six.  
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Based on the qualitative results in the current study, two potential 
opportunities for intervention are highlighted. First, vets perceive challenges in 
engaging all farmers in antimicrobial stewardship, but vets may need to be more 
proactive about driving preventive medicine on farms to improve animal welfare and 
reduce antimicrobial usage (Higgins, Huxley, Wapenaar, & Green, 2013). There is 
also evidence that farmers’ diagnostic decisions differ from those made by vets 
(Olson, Sischo, Berge, Adams-Progar, & Moore, 2019), so there is likely scope for 
vets to support farmers by providing additional training around performing clinical 
assessments. Vets may therefore need support to adapt their communication styles 
and overcome their assumptions about some clients, to ensure they engage all farmers 
with antimicrobial stewardship, including those farmers that vets perceive, perhaps 
incorrectly, as hard-to-reach (Jansen, Steuten, Renes, Aarts, & Lam, 2010). Second, 
the important role that clinical uncertainty plays in driving inappropriate antimicrobial 
prescribing also needs to be addressed in farm animal medicine. Clinical uncertainty 
is a feature for all prescribers, regardless of domain, specialty, or context and is 
consistently identified as a barrier to stewardship (Arnold, To, McIsaac, & Wang, 
2005; Coyne et al., 2016; Higgins et al., 2017; King et al., 2018; Krockow et al., 
2019; Tonkin-Crine et al., 2011). It is vital that farm vets and farm animals are not 
neglected in the current drive to develop clinically useful, rapid diagnostics, so that 
vets can use these emerging technologies on-farm to guide their first-line treatment 
decisions. 
2.4.3 Conclusions and next steps. This qualitive study set out to explore farm 
vets’ beliefs about antimicrobial prescribing and antimicrobial stewardship in UK 
livestock farming. The farm vets in this study demonstrated good knowledge about 
AMR and stewardship, but the study identified three areas that represent potential 
barriers to increased stewardship by farm vets: challenges with the specific situation 
on-farm, variability in the personalities and abilities of farmers, and concerns about 
maintaining good relationships with farmers. Vets report that these contextual factors 
prevent them from always behaving in line with their own ideals about antimicrobial 
stewardship, and similar barriers have been identified in other contexts across human 
and veterinary medicine. In the next chapter, the beliefs and experiences of livestock 
farmers in the UK will be explored in relation to antimicrobial usage and 
antimicrobial stewardship.  
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Chapter Three 
Study Two. Farmers’ Beliefs About Antimicrobial Resistance and Antimicrobial 
Stewardship: A Qualitative Study 
 
The previous chapter of this thesis presented the findings from a qualitative 
study with farm vets, that explored their beliefs about antimicrobial prescribing and 
antimicrobial stewardship in livestock veterinary medicine. In addition to vets, 
farmers are an important stakeholder group in terms of promoting responsible 
antimicrobial usage, so their experiences also need to be considered. As outlined in 
the literature review in Chapter One, there is evidence that farmers, like vets, doctors, 
and human patients, are influenced by a range of factors across four different levels: 
the intrapersonal, the interpersonal, the physical environment, and the social 
environment. There is, however, a relative lack of in-depth qualitative research that 
has explored farmers’ antimicrobial usage decisions and what their beliefs and 
experiences mean for antimicrobial stewardship. The study presented in this chapter 
therefore sought to help address this gap using semi-structured interviews with 
livestock farmers from across the UK. 
 
3.1 Introduction 
Inappropriate prescribing by doctors, vets, and other prescribers is a key driver 
of the increasing rates of AMR (Dyar et al., 2016; Hughes et al., 2012; Review on 
AMR, 2015b; Trauffler et al., 2014). There are, however, other key stakeholder 
groups who are important users of antimicrobials, including members of the public 
treating themselves and their family, and pet owners and livestock farmers treating 
their animals. As well as targeting prescriber behaviour, tackling AMR will involve 
developing stewardship interventions that are aimed at key groups of antimicrobial 
users. This will therefore require a good understanding of what drives inappropriate 
antimicrobial usage by farmers, pet owners, and other members of the general public.  
As discussed in Chapter One, just like prescribers, people who are using 
antimicrobials in both humans and other animals are influenced by various 
psychological and environmental factors. For example, lower levels of knowledge 
about AMR amongst the public and animal owners may be driving inappropriate use 
(Gualano et al., 2015; Kramer et al., 2017; Om & McLaws, 2016; Redding & Cole, 
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2019; Sadiq et al., 2018; Sakeena et al., 2018) and there is substantial evidence that 
the public and animal owners will self-medicate themselves or their animals without 
direct medical or veterinary supervision (Chipangura et al., 2017; Grigoryan et al., 
2007; P. J. Jones et al., 2015; Lv et al., 2014; Ojo et al., 2016). Parents, pet owners, 
and farmers also seek out and administer antimicrobials out of concern for their 
children or animals, even though this treatment may not always be needed (Cabral et 
al., 2015; Fischer et al., 2019; Redding & Cole, 2019; M. Smith et al., 2018; Swinkels 
et al., 2015). Within the physical and social environment, various barriers to accessing 
adequate healthcare (e.g. location, supply chain issues, financial restraints, provision 
of services) also affect the usage of antimicrobials amongst the public and animal 
owners (Barker et al., 2017; Ekakoro, Caldwell, Strand, & Okafor, 2019; Obaidat et 
al., 2018; Sakeena et al., 2018). 
 There is, however, an imbalance in the published research. As with existing 
evidence about prescribers, there is a relative paucity of research exploring pet 
owners’ and livestock farmers’ usage decisions and behaviours compared to these 
decisions and behaviours amongst the general public who are treating themselves and 
other humans. The general public have been extensively surveyed about their 
knowledge and beliefs surrounding antimicrobial usage and AMR (European 
Commission, 2013; Gualano et al., 2015; McCullough et al., 2016; McNulty et al., 
2007) and antimicrobial usage behaviours amongst the general public have been 
researched across a range of settings and countries (Grigoryan et al., 2008; Lv et al., 
2014; Sakeena et al., 2018). 
Amongst farmers and pet owners, the body of evidence is much sparser, with 
pet owners being an especially under-researched group. Compared to usage decisions 
in human medicine, there is less breadth and depth of understanding of farmers’ and 
pet owners’ usage decisions across different animal species and across a range of 
different conditions. As with farm vets, until recently there has been a greater 
emphasis on patterns of antimicrobial usage by farmers (Hockenhull et al., 2017; 
Moreno, 2014b) and adherence by pet owners (Adams et al., 2005) rather than drivers 
of usage. This emphasis is beginning to shift, but much of the research that has 
explored farmers’ perspectives on responsible usage has been focused on the pig 
industry (Coyne et al., 2019, 2014; Moreno, 2014a; Visschers et al., 2015, 2014; 
Visschers, Postma, et al., 2016) or on dairy cattle (P. J. Jones et al., 2015; Kramer et 
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al., 2017; Scherpenzeel et al., 2016; Swinkels et al., 2015), with less consideration of 
the beef or sheep sectors (Easton et al., 2018; Ekakoro, Caldwell, Strand, & Okafor, 
2019). Studies with pet owners about their beliefs surrounding responsible 
antimicrobial usage are only just emerging (Dickson et al., 2019; Redding & Cole, 
2019; M. Smith et al., 2018).   
Therefore, the evidence that does exist about farmers’ and pet owners’ 
treatment decisions is limited and tentative. It is important that the drivers of farmers’ 
and pet owners’ usage behaviours are explored as although antimicrobials are 
prescription-only medicines in the UK, animal owners can still access antimicrobials 
without direct veterinary consultation (either illegally through online pharmacies, or 
legally through pre-agreed arrangements with vets or other veterinary medicine 
prescribers). Farmers are an especially important group of antimicrobial users as they 
can potentially be making diagnostic and treatment decisions for their animals on a 
daily basis, and farmers do regularly administer antimicrobials to their animals 
without direct supervision from a vet (Cattaneo et al., 2009; P. J. Jones et al., 2015; 
Obaidat et al., 2018; Ojo et al., 2016; Sadiq et al., 2018). To date there has been 
limited in-depth investigation into the general drivers of these usage decisions by 
farmers across different livestock species, and how farmers’ beliefs about, and 
experiences of, antimicrobial usage relate to their stewardship behaviours, although 
this is beginning to change (e.g. Buller et al., 2015; Coyne et al., 2019; Easton et al., 
2018; Fischer et al., 2019; Garforth, 2015; P. J. Jones et al., 2015). 
3.1.1 Aims and research questions. This qualitative study therefore sought to 
help address this gap in understanding, by seeking to explore how livestock farmers in 
the UK, who keep a range of species for commercial purposes, make sense of their 
everyday antimicrobial usage decisions in terms of their stewardship responsibilities. 
Semi-structured interviews were conducted, informed by a critical incident approach 
(Flanagan, 1954), to support farmers in their discussion of specific usage experiences. 
The purpose of this study was to explore: 1) farmers’ beliefs about antimicrobial 
usage on-farm, 2) their beliefs about AMR, and 3) how these beliefs may or may not 
support antimicrobial stewardship. 
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3.2 Methods 
This study with farmers was conducted alongside the study with vets reported 
in Chapter Two (Study One), and both studies employed the same methods. As such, 
only a brief overview is provided here. All methodological details are the same as 
those previously reported for Study One, except where explicitly stated below.  
3.2.1 Design. This was a qualitative study with livestock farmers from across 
the UK. Participants were telephone interviewed once by SG between May and 
September 2016, using a semi-structured interview schedule. Interviews lasted for 
between 27 and 54 minutes. 
3.2.2 Participants. Participants were recruited by email via the researchers’ 
professional network and from other participants, and at industry events using flyers 
(see Appendix A for the advert). Of those approached directly by email, five declined 
to be interviewed (one person due to time pressures; the others did not respond 
beyond the initial invitation). None had any prior relationship with SG, although some 
had previously had professional relationships with HH. The inclusion criteria were 
that participants considered themselves to be key decision-makers for antimicrobial 
use on-farm and were keeping at least one species of livestock for commercial 
purposes. No restrictions were set based on demographic variables. Recruitment 
continued until data saturation had been reached (Fusch & Ness, 2015; Guest et al., 
2006; Mason, 2010). 
3.2.3 Materials. The development of the interview schedule was informed by 
critical incident methodology (Flanagan, 1954), to 1) prompt participants to discuss 
concrete examples, to aid their thinking, and 2) elicit different examples of 
antimicrobial usage incidents (see Chapter Two for additional detail). 
 The schedule was piloted with two farmers to seek feedback on acceptability 
and understanding of questions; some language was amended following feedback, but 
the broad structure and topic areas remained the same. The questions put to the farmer 
participants were broadly the same as those put to the vet participants in Study One 
(Chapter Two) but were worded differently to be relevant to each profession. Farmer 
participants were first asked about three antimicrobial usage incidents: “Please can 
you tell me about a recent example of when [you had to use an antibiotic / the 
decision to use an antibiotic was less clear-cut / you could have used antibiotics but 
decided not to]?”. Participants were then asked about the wider issue of AMR; 
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questions included “what does the term antimicrobial resistance mean to you?”, 
“where do you get information about AMR from?”, “do you think antibiotic use in 
farming has any role to play in driving resistance in animals / humans?”, and “who do 
you think might have a role to play in addressing AMR?”. Participants were also 
asked how concerned they were about AMR in both humans and animals. Concern 
was rated from one (not at all concerned) to five (very concerned). For the full 
interview schedule, see Appendix B. 
3.2.4 Procedure. Prior to the interview, potential participants were sent a link 
to an online survey (hosted in Qualtrics) that contained the information sheet, consent 
form, and demographics questionnaire (see Appendices C, D, and E). Demographic 
data were collected for age, gender, ethnicity, highest level of education, and the 
number of years participants had been farming. Participants were also asked to 
describe the nature of their farming system and which livestock species they kept for 
commercial purposes. A screening question was included to ensure participants were 
involved with antimicrobial treatment decisions on their farm.  
 Participants were made aware at the start of the interviews that SG was a 
trainee health psychologist and PhD student, and that she did not have a veterinary or 
farming background; this was so they knew they were not speaking to a vet or fellow 
farmer. After the interview, participants were debriefed and asked if they wanted to 
enter the prize draw.  
3.2.5 Data analysis. Interviews were audio-recorded and transcribed using an 
orthographic approach; a critical realist stance was adopted, and data were analysed 
inductively using the six-phase process of thematic analysis as outlined by Braun and 
Clarke (2006; see Chapter Two for additional details about the six phases and critical 
realism). Importantly, although recruitment and interviewing of vets and farmers 
happened concurrently, the analyses of the two datasets (vet and farmer) were 
conducted separately, to minimise any contamination of codes and subsequent theme 
development. Only once the final analysis of the vet dataset was completed did the 
analysis of the farmer dataset commence. Differences in participants’ concern about 
AMR in humans and in animals were examined by conducting a Wilcoxon Signed-
Rank test. 
3.2.6 Ethics. All ethical considerations are outlined in full in Chapter Two. A 
favourable ethical opinion was granted by the University of Surrey Ethics Committee 
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(Reference: UEC/2016/008/FHMS, see Appendix F). Participation was voluntary, and 
participants were told they could withdraw. All who took part had the opportunity to 
enter the £25 shopping voucher draw. Participants provided informed consent online; 
on one occasion where consent was not completed online, SG took verbal consent. 
The study has been reported in line with the COREQ checklist (Tong et al., 2007). 
 
3.3 Results 
Participants were 12 commercial livestock farmers located across England and 
Wales; all described themselves as being key decision-makers for antimicrobial 
treatment decisions and were either livestock unit managers or running their own 
farms. The age range of participants, who were all male, was 28 to 64 years (mdn = 
36.50, IQR = 14.50), and they all described their ethnicity as white. The number of 
years that participants had been farming ranged from 4 to 49 (mdn = 16.00, IQR = 
22.25). For demographic details see Table 3.1.  
A Wilcoxon Signed-Rank test was performed to compare participants’ levels 
of concern (on a scale of one, not at all, to five, very) about AMR in animals (mdn = 
3.00, IQR = 0.75) and in humans (mdn = 4.00, IQR = 1.50). Farmers were 
significantly more concerned about AMR in humans than in animals, T = 33.00, z = 
2.17, p = .030, r = .44 (see Figure 3.1). 
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Table 3.1 
Demographic Characteristics of Farmer Participants 
Participant 
pseudonym 
Age 
(range) 
Gender Ethnicity Years 
farming 
(range) 
Highest level of 
education 
Farming system* Farming purpose Species kept for 
commercial purposes 
Chris 31-40 Male White 11-20 A-Level / 
Equivalent 
Extensive Food production; breeding; 
conservation or land 
management 
Beef, sheep 
Joe 31-40 Male White 11-20 Undergraduate 
degree 
Semi-intensive Food production Sheep 
Mark 31-40 Male White 6-10 Undergraduate 
degree 
Intensive Food production; breeding Dairy cattle, sheep 
Tim 61-70 Male White 41-50 Undergraduate 
degree 
Semi-intensive Food production Beef, pigs, sheep 
Johnny 21-30 Male White 6-10 Postgraduate 
degree 
Semi-intensive Food production Beef, dairy cattle 
Luke 31-40 Male White 1-5 Undergraduate 
degree 
Intensive Food production Beef, sheep 
Nick 31-40 Male White 1-5 Undergraduate 
degree 
Intensive Food production Dairy cattle 
Pete 31-40 Male White 6-10 Postgraduate 
degree 
Extensive Food production; breeding Sheep 
Michael 41-50 Male White 21-30 Undergraduate 
degree 
Intensive / Semi-
intensive / 
Extensive 
Food production; education 
and research 
Beef, dairy, pigs, sheep 
Simon 31-40 Male White 11-20 GCSE / NVQ / 
Equivalent 
Semi-intensive Food production; 
conservation or land 
management 
Beef, sheep 
Gavin 41-50 Male White 31-40 No formal 
qualifications 
Semi-intensive Food production; breeding Dairy cattle 
Bill 61-70 Male White 41-50 GCSE / NVQ / 
Equivalent 
Semi-intensive Food production; breeding Beef, poultry (egg-
laying) 
Note. * Self-categorised from pre-defined list; no farmers reported running an organic system. ** Species listed alphabetically.  
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Figure 3.1. Participants’ responses to “How concerned would you say you are about 
AMR in animals / humans?”. 
 
 The analysis generated four key themes (see Figure 3.2). The first theme, 
‘Farmers as stewards’, explores how farmers understand their role as responsible 
users of antimicrobials. The next two themes explore how farmers feel supported in 
this role by ‘Credible messengers of stewardship’, and how they feel their behaviour 
is evidenced by the ethos ‘Prevention is best form of stewardship’. There was, 
however, a sense of conflicting narratives from farmers about stewardship running 
throughout their discussions of their treatment decisions. This conflict is discussed in 
the final theme: ‘Conflicting narratives about stewardship’. These themes and their 
sub-themes will now be discussed using exemplar quotes.  
 
3.3.1 Theme 1. Farmers as stewards: “we’ve gotta be responsible”. The 
first theme explores farmers’ beliefs about AMR and their responsibilities in relation 
to antimicrobial use on-farm, and has two sub-themes: ‘Understanding and concern 
about AMR’ and ‘Farmers want to be responsible antimicrobial users’. 
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Figure 3.2. Overview of key themes and sub-themes from farmer interviews. 
 
3.3.1.1 Sub-theme 1.1. Understanding and concern about AMR. Farmers 
generally demonstrated a good awareness of the issue of AMR and of the need to use 
antimicrobials responsibly. Although there were occasional knowledge gaps about the 
mechanisms of resistance, farmers understood the potential health risks to their 
animals from drug-resistant infections and they understood that if antimicrobials 
become ineffective, they will not be able to treat their animals. Mostly, farmers 
framed these risks in terms of threats to animal welfare, and threats to income, such as 
lost revenue or lost productivity:  
Theme 4: Conflicting Narratives 
About Stewardship
4.1 Further stewardship is not 
urgent
4.2 Conflicting signals from 
credible messengers
4.3 Disease prevention is too 
expensive
Theme 1: Farmers as Stewards
1.1 Understanding and concern 
about AMR
1.2 Farmers want to be responsible 
antimicrobial users
Theme 2: Credible Messengers of 
Stewardship
2.1 Guidance from vets
2.2 Directives from government and 
industry
Theme 3: Prevention is Best 
Form of Stewardship
3.1 Farmers do not want sick 
animals
3.2 Farmers use antimicrobials 
minimally
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“Yes, more animals would die, I think, as simple as that…they would not 
thrive as well if there was an antibiotic resistance or anthelmintic resistance” 
(Simon, beef and sheep farmer). 
“If we did get an outbreak of mastitis that…you couldn’t…contain, it could be 
a massive economic loss to my business, I could lose thousands” (Johnny, 
cattle farmer). 
Most farmers were aware that inappropriate antimicrobial use in animals could drive 
AMR in animal microbes and that these microbes could potentially cause zoonotic 
disease in humans. There were, however, differences of opinion as to the extent to 
which antimicrobial use in livestock could affect human health. Whilst some farmers 
were aware that antimicrobial use in animals could drive drug-resistant infections in 
humans, others doubted the significance of the cross-species risk from AMR, perhaps 
because they were focused on the specific risks from antimicrobial residues: 
“People will die, I suppose…there’s a lot of drugs that we use in pig farming 
is affecting human treatment of E. coli…the bacteria’s becoming resistant and 
that means we can’t use that drug to treat people either now” (Chris, beef and 
sheep farmer). 
“Don’t we adhere to the withdrawal periods on antibiotics? Would they still 
be in the systems? Erm, would that pass to humans? I’m not sure, I’d have to 
see evidence on that” (Joe, sheep farmer). 
Nonetheless, there was an awareness of the dangers posed to human health from drug-
resistant infections, and there was some concern amongst farmers that this could be 
driven through poor biosecurity practice in the food chain: 
“There’s also the concern that it’s…passing through into the products on the 
supermarket shelves, which you’ve got implications for humans as well” 
(Luke, beef and sheep farmer). 
“I know for a fact there are farmers out there…putting in antibiotic milk… 
doing naughty things, which means antibiotic milk is getting into the system” 
(Nick, dairy farmer). 
3.3.1.2 Sub-theme 1.2. Farmers want to be responsible antimicrobial users. 
Although farmers rarely used phrases such as ‘antimicrobial stewardship’ or ‘prudent 
use’, there was nonetheless a general understanding amongst farmers of the principles 
of stewardship. Farmers were aware of the increasing pressure to reduce the 
 130 
inappropriate use of antimicrobials in agriculture, and they wanted to play their part in 
using antimicrobials responsibly: 
“I don’t lie awake at night worrying about it, but erm…you know, obviously 
we’ve gotta be responsible for what we’re using, in the same way that human 
medicine’s gotta be responsible for what they’re using” (Michael, cattle, 
sheep, and pig farmer). 
Farmers recognised that they controlled antimicrobial use on their farms, and that they 
therefore had a responsibility to ensure drugs were used responsibly to minimise the 
potential harm from inappropriate use: 
“At the end of the day, the decisions are taken by farmers, you know…how 
much or how little antibiotic they use, which of course, the more that is used 
then the greater the risk of resistance developing” (Tim, beef, sheep, and pig 
farmer). 
In general, farmers appeared to prefer targeted antimicrobial treatment. They were 
aware that blanket treatment of groups of animals (either prophylactically or 
metaphylactically) was not always necessary and could drive the development of 
drug-resistant pathogens. Although farmers did report administering blanket 
treatment, they did not always like doing it, and some discussed making changes to 
try and reduce this type of treatment:  
“Alamycin…I used that as a blanket treatment [for enzootic abortion] and it 
stopped it. Great. But then you think of the erm, the sort of moral issues with 
it, so I’ve started to…put the vaccine into my young ewes” (Joe, sheep 
farmer). 
Responsible use of antimicrobials was seen as a key element of practising good 
husbandry, and being perceived as a responsible user of antimicrobials was important 
to farmers. One farmer related current concern about responsible antimicrobial use to 
memories of previous disease outbreaks in UK livestock, and the negative impact 
these outbreaks had on farmers, both economically and emotionally. He appeared 
concerned that all farmers should use antimicrobials responsibly, partly to prevent 
future large-scale risks to farming and partly to protect the public image of the 
livestock industry: 
“If you think back to…when we had foot-and-mouth…and we were killing 
people with mad cow disease…our reputation over the last 10 years has come 
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on enormously…we [need to] maintain that image, by being as squeaky-clean 
as possible…practising responsible antibiotic use and you know, responsible 
animal welfare” (Pete, sheep farmer). 
This first theme therefore illustrates that farmers understand the potential risks from 
AMR, the need for antimicrobial stewardship, and acknowledge they have a role to 
play in ensuring responsible use of antimicrobials on their farms.  
3.3.2 Theme 2. Credible messengers of stewardship: “the go-to people”. 
The second theme explores where farmers get their information and support about 
AMR and stewardship from and has two sub-themes: ‘Guidance from vets’ and 
‘Directives from government and industry’.  
3.3.2.1 Sub-theme 2.1. Guidance from vets. Vets were seen as a valuable and 
credible source of information regarding AMR and antimicrobial stewardship, and 
there was a sense that farmers welcomed vets’ input on these issues. Farmers 
appeared open to change, and said that if vets initiated a conversation about AMR or 
stewardship, they would be willing to listen:  
“They are the go-to people for advice, and they are…well-educated experts… 
if they said something to a farmer I think it would make a farmer stop and 
listen” (Nick, dairy farmer). 
Farmers reported differing frequencies of interactions with their vets, and this was 
largely related to the species they kept. Beef and sheep farmers in particular reported 
having fewer consultations with their vets than those farmers who kept dairy cattle or 
pigs. All farmers, however, reported seeking veterinary advice on issues such as 
vaccinations or diagnostic testing, and they understood that these measures could 
support more responsible antimicrobial use. As well as being a source of advice, vets 
were also seen as gatekeepers to alternative antimicrobials: 
“We’ve got a ram with a swollen testicle, normal pen and strep which is the 
stuff we use, was not relieving the infection, so we approached our vet, not 
really for advice as such, just to try and get hold of a stronger antibiotic in 
that particular case” (Pete, sheep farmer). 
There was a sense that farmers did expect their vets to be giving them stewardship 
advice. Farmers acknowledged that behaviour change can be difficult, but felt that 
vets were the experts who could provide them with the support and motivation for 
making changes to reduce antimicrobial use on-farm: 
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“I was very, very, very sceptical about this selective dry cow therapy when I 
first started it, because, well, my vet told me not to do it…cos er, he’s had 
experience of people doing it and it didn’t work, but then…me and the vet, we 
went to a…seminar…and he changed his tune overnight, right there and then 
like, with me, so then I’ve given it a go” (Johnny, cattle farmer). 
3.3.2.2 Sub-theme 2.2. Directives from government and industry. Farmers 
felt there was also a role for government and industry to lead on improving and 
reducing antimicrobial usage on farms. DEFRA was regularly mentioned as having a 
central role in disseminating stewardship messages, as were other government and 
industry agencies. There was a belief amongst farmers that these organisations had the 
resources and expertise to conduct the required research and could be trusted to 
provide evidence-based guidance to each specific livestock industry: 
“I tend to take everything in the press with a pinch of salt…[if] the VMD or 
APHA1…National Pig Association…or if AHDB2 come out with something 
then I tend to take more notice of that, because it should be based on science 
and fact and evidence rather than just what makes a good headline” (Michael, 
cattle, sheep, and pig farmer). 
In addition to government and industry bodies, farmers were increasingly aware of the 
stewardship messages coming from commercial product-buying organisations and 
farm assurance schemes. Farmers reported contractually-driven changes from the 
product-buyers, which were seen as being influential in reducing inappropriate 
antimicrobial use:  
“The retailers don’t…want us to be blanket treating them [the cattle] with 
antibiotics any more” (Luke, beef and sheep farmer). 
“There’s another vet, who works with our milk buyer, he comes along to audit 
us every year, just goes through all our antibiotic usage…it’s handy with him, 
just to talk everything through…evaluate what we’re doing, if we can improve 
things or not” (Mark, dairy and sheep farmer). 
Broadly speaking, farmers appeared to trust the messages about stewardship and 
AMR they heard from government and industry, although there was some scepticism 
about the motivation for driving change: 
 
1 Animal and Plant Health Agency 
2 Agriculture and Horticulture Development Board 
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“I think the industry is trying to alter now before having to do it in the future” 
(Johnny, cattle farmer). 
To summarise, this second theme highlights that farmers appear to know where to 
seek out credible information about AMR and stewardship, and they feel that these 
professional sources can support with them with making changes.  
3.3.3 Theme 3. Prevention is best form of stewardship: “obviously cure is 
cost”. The third theme explores farmers’ views on their approach to reducing 
antimicrobial use on their farms and their views on current levels of antimicrobials 
used on their farms. There are two sub-themes: ‘Farmers do not want sick animals’ 
and ‘Farmers use antimicrobials minimally’. 
3.3.3.1 Sub-theme 3.1. Farmers do not want sick animals. Farmers were very 
concerned with preventing disease in their animals, both for welfare and for economic 
reasons. It was clear from the way that farmers spoke about their treatment decisions 
that they did not especially like having to use antimicrobials. Farmers did not want 
their animals to suffer, and they also saw a sick animal as a threat to productivity and 
profits: 
“I’m more prevention, than cure, cos obviously cure is cost…but…I have to 
safeguard and protect my animals for profitability and fitness and also 
welfare, don’t I? So, you know, I have to use ‘em, I don’t like using ‘em, but 
you have to” (Gavin, dairy farmer). 
Vaccines in particular were commonly discussed. Farmers appeared accepting of 
vaccination programmes in principle, and were aware that vaccines could be key to 
reducing antimicrobial usage:  
“I’m a great believer in vaccines…we cover the ewes for toxoplasmosis… 
we’ll vaccinate for foot rot…the number of sheep that we have to give 
antibiotics to cure their foot problems is maybe one or two a year now…[but 
we need] greater research into vaccine development…mastitis in the ewes, if 
there was a vaccine available for that, that would be fantastic…that would cut 
down our antibiotic use” (Tim, beef, sheep, and pig farmer). 
All farmers agreed with the benefits of other preventive measures, such as improving 
housing and genetic breeding to strengthen natural immunity. Avoiding sick animals 
in the first place was a primary aspiration for all farmers, and they were keen to stress 
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the steps they took to prevent disease. Indeed, the welfare and economic benefits of 
disease prevention appeared to be intrinsically linked in some farmers’ minds: 
“The key to me is very good hygiene protocols…the sows go in the farrowing 
room…on the same day…they give birth, they rear the piglets and everything 
goes out on the same day…it’s then left a week empty before the next batch of 
pigs go in…I believe that there’s a lotta units don’t value the downtime, the 
empty building enough…whereas to me, the longer I can leave a building 
empty, within reason, it’s making me money” (Michael, cattle, sheep, and pig 
farmer). 
3.3.3.2 Sub-theme 3.2. Farmers use antimicrobials minimally. Although they 
rarely used the phrase ‘responsible users of antimicrobials’ to describe themselves, 
farmers did generally see themselves in this way, which they partially attributed to 
their efforts to prevent disease from occurring. Farmers felt they already only used 
antimicrobials when they had to, and did not think they were using them 
unnecessarily:  
“Antibiotics on farm, they’re all under lock and key…we treat them with a 
respect…we don’t go around jabbing cows or animals for the sake of it, do 
we?…It’s a major issue if I have to jab one and get a suckler cow in the crush 
when he doesn’t want to go in. I’m not gonna do it just for the sheer hell of it 
[laughs] it’s got to need it” (Bill, beef farmer). 
Farmers also recognised that in many cases using antimicrobials would not 
necessarily confer any benefits to the animal. They discussed various examples of 
when they did not treat with antimicrobials, such as when they suspected the cause 
might be viral, when they felt pain relief was sufficient, or when they simply felt 
through experience that antimicrobials would make little difference to the outcome:  
“If the symptoms are already on the wane, then you know, a shot of antibiotics 
is probably not going to do too much, other than make you feel better, rather 
than the sheep [laughs]” (Pete, sheep farmer). 
In general, farmers saw their diagnosis decisions as fairly straightforward; they rarely 
described a ‘watch-and-wait’ scenario where they might delay giving antimicrobial 
treatment. Fundamentally, farmers’ diagnostic decision-making appeared rather 
binary: an animal was either sick or it wasn’t. They would avoid treating if they felt 
they could but stressed they would never not treat an animal if they felt antimicrobials 
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were needed. Farmers were especially concerned at some of the perceived external 
pressures to restrict the use of antimicrobials amongst livestock: 
“You’re gonna end up with welfare issues [if] you’re not treating a sick 
animal…that’s where sadly this whole argument gets a bit hijacked by erm, by 
government and by, sort of people that are anti-antibiotic use…I’m sorry, but 
there is a need for antibiotics…like I say, as little as you can, but as often as is 
necessary” (Michael, cattle, sheep, and pig farmer). 
This third theme therefore demonstrates that farmers are in principle motivated to 
reduce antimicrobial use because both sick animals and the drugs themselves cost 
them time and money. It also outlines how they believe they are already mostly using 
as little antimicrobial therapy as possible.  
3.3.4 Theme 4. Conflicting narratives about stewardship: “it’s probably 
not…top of most farmers’ agendas”. The final theme explores the conflicting 
narratives about antimicrobial stewardship that run through farmers’ discussions of 
their treatment decisions. The previous themes demonstrate that farmers understand 
the need for antimicrobial stewardship, they report knowing who to trust on the 
matter, and they are motivated by animal welfare and economic reasons to prevent 
disease, thereby reducing the need to treat with antimicrobials. Despite all this, 
farmers also appear to feel that there is little more they need to do, or even can do, to 
further reduce antimicrobial use on their farms. These conflicting narratives are 
discussed across three sub-themes: ‘Further stewardship is not urgent’, ‘Conflicting 
signals from credible messengers’, and ‘Disease prevention is too expensive’.  
3.3.4.1 Sub-theme 4.1. Further stewardship is not urgent. As previously 
discussed in Theme 1, farmers had good awareness about AMR in general, and 
clearly understood the potential risks from drug-resistant pathogens: 
“I’m a big believer…in evolution, I think the way that things evolve, what 
works now, mightn’t work in 5 years’ time, cos the animals change, and the 
bugs change” (Gavin, dairy farmer). 
Despite this awareness, a consideration of the potential risks from AMR in farmers’ 
everyday treatment decisions was not always evident. Farmers appear concerned 
primarily with the welfare of the animal and protecting productivity. These immediate 
concerns appeared to sometimes outweigh the future threat from increased AMR 
when farmers are making treatment decisions: 
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“It’s not something you get up in the morning and think, you know, oh, 
antibiotic resistance today…it’s probably not on the top of most farmers’ 
agendas, I would say most farmers’ agendas are trying to financially keep the 
place on an even keel, erm, and keep their stock as productive and healthy as 
possible” (Tim, beef, sheep, and pig farmer). 
In general, perhaps with the exception of anthelmintic resistance, most farmers 
appeared not to perceive AMR as a current threat for livestock farming. Instead, they 
perceived AMR more as a problem for human medicine, and as a possible future 
problem for farming:  
“Reduced effectiveness of antibiotics, now that’s really annoying for me as a 
farmer, but I can imagine it’s a thousand times worse for a doctor trying to 
treat somebody in a hospital” (Nick, dairy farmer). 
“I don’t think we can address something that hasn’t happened yet cos we’re 
talking about future scenarios, but, erm, it’s something that we need to keep a 
watchful eye on” (Simon, beef and sheep farmer). 
Farmers therefore appeared to acknowledge the risks from AMR, but then discount 
the immediacy of these risks in their decision-making, perhaps because they have yet 
to encounter treatment failures for themselves: 
“You hear about it, and you read about it in the farming press…but I can’t 
physically say I’ve seen it…nothing’s ever been proven to me as we’ve had 
resistance to an antibiotic” (Bill, beef farmer). 
By not perceiving AMR as a current threat to livestock farming, there is a risk that 
farmers do not feel the need to make further changes to their antimicrobial usage. In 
some cases, they acknowledged that reducing usage would be hard as perceptions of 
the need for antimicrobials could vary between farmers: 
“Obviously that’s more of a subjective thing for certain people, my idea of 
when an animal needs antibiotics might be vastly different to someone else’s” 
(Pete, sheep farmer). 
Furthermore, farmers also felt that agriculture is being unfairly targeted as being a key 
driver of AMR, and that greater stewardship efforts were needed in other domains: 
“I think that a lot of the blame is put on erm, misuse of antibiotics in farm 
animals…but, I also think that human antibiotics, you know, are being over-
prescribed…I’m not saying that livestock farming is blameless, cos it isn’t, but 
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it’s not, it’s not the entire reason for the problem” (Luke, beef and sheep 
farmer). 
3.3.4.2 Sub-theme 4.2. Conflicting signals from credible messengers. As 
discussed in Theme 2, farmers were aware of the messages from key stakeholders that 
antimicrobial use in livestock needs to be in line with stewardship principles. In some 
instances, farmers are already reacting to industry demands to reduce antimicrobial 
use, or move away from specific antimicrobials, and they are likely to continue to do 
so where such directives come via legislative or contractual obligations. There are, 
however, conflicting levers driving antimicrobial usage on farms. Despite some 
incentives to reduce usage, farmers are also motivated to maximise yields and profits, 
and industry expectations for cheaper produce can drive higher usage of 
antimicrobials: 
“Supermarkets seem very reluctant to tell the consumer how it is because 
they’re so scared that they’ll lose market-share, but I think the consumer 
needs to face, be given the choice of cheap food or sustainable food, and 
obviously food with less antibiotics in it will be more expensive” (Nick, dairy 
farmer). 
Supermarkets and other produce buyers were therefore seen as having a pivotal role in 
driving current farming practices and associated antimicrobial usage. Some farmers 
felt that there was a lack of public knowledge about food production, and that this 
lack of knowledge contributed to a consumer demand for cheap meat and milk. This 
demand was in turn perceived to be driving increased intensification, with the risks 
that poorly managed intensive systems could increase the need for antimicrobials:  
“With people looking for cheaper and cheaper food…that’s putting pressure 
on, you know, just the cost of production…so people do take shortcuts and 
keep animals in unsuitable accommodation and so on” (Mark, dairy and sheep 
farmer). 
In addition to industry-led changes, farmers also felt that the government should lead 
on increasing antimicrobial stewardship in farming. There was, however, some 
scepticism about the ability of the government to co-ordinate effective animal health 
campaigns:  
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“You could say DEFRA, but when you see the shambles they’re doing on the 
TB malarkey, whether or not they’d be the right ones to do that, I don’t know” 
(Bill, beef farmer). 
There were also negative views expressed about potential legislative changes that 
might restrict a farmer’s right to administer antimicrobials. There was a sense from 
farmers that this would be a step too far, one that would both threaten their 
livelihoods, and undermine their ability to perform their job roles effectively: 
“[If] every sick pig’s gotta be looked at by the vet…if you get to that stage… 
you might as well write-off British livestock agriculture tomorrow” (Michael, 
cattle, sheep, and pig farmer). 
“Most of us are professional people, and we should be trusted to look after 
our animals…I don’t think it should be taken away from us, the right to treat 
an animal” (Bill, beef farmer). 
Veterinary guidance on responsible use of antimicrobials was seen as important in 
some, but not all industries. Despite evidence that farmers mostly trusted the advice 
they received from vets, sheep and beef farmers in particular felt that vets did not 
have much of a role to play in antimicrobial stewardship on-farm, because veterinary 
services were too expensive:  
“They cost money…the vets do, as soon as you have a conversation of a 
management matter, it’s er, a hundred pounds or something ridiculous like 
that…as a consultancy fee, so I might as well get them to write me a will while 
I’m at it [laughs]” (Simon, beef and sheep farmer). 
Furthermore, farmers also perceived variation in the advice they received from vets, 
which may undermine some of the trust they have in the veterinary profession:  
“We’ve had two conflicting…two different veterinary opinions, erm, down 
south it was harder to get the antibiotic and up here, less so…I don’t think the 
vets are all on one hymn sheet, are they?” (Joe, sheep farmer). 
Finally, farmers also stated that they felt vets could be doing more to promote disease 
prevention and responsible antimicrobial use on farms, and they appeared to devolve 
their power to make further changes back to the vets: 
“It’s down to them at the end of the day, isn’t it…I mean I’m only a farmer 
aren’t I, so you know, I’m relying on the vets and the scientists really, to tell 
us which are the best ways to go” (Gavin, dairy farmer). 
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3.3.4.3 Sub-theme 4.3. Disease prevention is too expensive. As demonstrated 
in Theme 3, farmers are hugely concerned with animal welfare and preventing 
disease; they want preventive medicine and support to implement better husbandry. 
However, farmers also perceive major economic and structural barriers to further 
disease prevention, such as the potential for economic loss if they tried to change their 
treatment protocols:  
“The thing is, a lot of farmers are just petrified about taking out a product 
they’ve had in for years, because…they’ve done it before, and things have 
fallen over…they can’t risk it, the margins are so tight in the industry that 
people don’t want to take any chances” (Michael, cattle, sheep, and pig 
farmer). 
Although farmers recognised the benefits of preventing disease as a mechanism for 
reducing antimicrobial usage, there was a sense that overall farmers felt they were 
already doing as much as they could to prevent disease and reduce antimicrobial 
usage on their farms. They acknowledged that more could be done to improve disease 
prevention, but felt that many changes were beyond their financial capabilities or that 
levels of antimicrobial usage were intrinsically linked to the nature of their farming 
system: 
“I don’t think you can manage without antibiotics in the kind of system that 
I’m doing here, certainly with the cattle anyway, which is a shame, but I can’t 
see how you could possibly do it without it” (Luke, beef and sheep farmer). 
“A simple example would be, if I was to use fans to ventilate my cowshed… 
fresh air would keep where the cows are lying much cleaner…there’d be less 
bacteria, that would improve mastitis a lot, but I recently had a quote to 
ventilate the whole shed, which was over 20,000 [pounds], which is something 
we just can’t afford” (Mark, dairy and sheep farmer). 
Farmers therefore appear to feel constrained by the here and now. They face real 
practical issues, such as limited time and money, which prevent them from making 
further changes that could impact on antimicrobial usage. There was a sense that 
farmers perceived the real levers for change as being external to them:  
“It’s all very well saying, right if you have a five million pound setup you can 
reduce your mastitis but the money’s not there in the job at the minute… 
people are getting paid less than cost of production…everyone’s trying to cut 
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corners where they can to save money and there’s gonna be repercussions 
because of it” (Johnny, cattle farmer). 
To summarise this final theme, there were conflicting narratives in the way that 
farmers discussed antimicrobial usage and their treatment decisions, which 
highlighted constraints on farmers’ willingness and ability to improve antimicrobial 
stewardship. Farmers understood risks from AMR but appeared to feel that AMR is 
mostly a future threat, reducing any sense of urgency to make additional changes. 
They also reported getting conflicting signals from key stakeholders about responsible 
antimicrobial use, and they feel constrained by external forces that they feel prevent 
them from taking additional steps to prevent disease and to become better 
antimicrobial stewards.  
 
3.4 Discussion 
This qualitative study set out to explore the beliefs held by livestock farmers 
in the UK about their own antimicrobial usage decisions in relation to their 
responsibilities for antimicrobial stewardship. The key findings were that farmers 
understand their role as antimicrobial stewards, they know where to seek out 
information about AMR from credible messengers, and they understand that disease 
prevention is the best form of stewardship. Running through their discussions about 
AMR and stewardship, however, were conflicting narratives. Farmers in this study 
did not in general feel that further stewardship activities were that urgent, they 
reported getting inconsistent messages from vets about antimicrobial usage, and they 
felt they could not afford to make substantial changes to practice or infrastructure to 
improve disease prevention on their farms. As a result of this conflict, farmers appear 
to feel that the real levers for change are external to themselves; that responsibility for 
driving change lies with vets, the government, and with the livestock industries. 
Although there was evidence of occasional knowledge gaps, farmers in this 
study mostly appeared to have a good understanding about the potential risks from 
AMR and they understood the need for increased stewardship in livestock farming. 
Indeed, there is evidence from Germany that farmers may have better knowledge 
about AMR than the general public (S. Schneider et al., 2018). In terms of 
stewardship, farmers reported wanting to use antimicrobials responsibly, and they 
expressed a desire to follow best practice, as they felt this would be good both for 
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animals and for consumer perceptions of their livestock industries. Some dairy 
farmers in the UK also agree reductions in antimicrobial usage would be beneficial 
for consumer perceptions of milk (P. J. Jones et al., 2015), although not all farmers 
feel that consumer and media pressure to reduce usage is fully justified (Fischer et al., 
2019; Morris et al., 2016; Swinkels et al., 2015). In this study, some farmers 
discussed management changes they had made on their farms to explicitly reduce the 
need for antimicrobials, such as vaccination programmes or changes to housing. Beef 
farmers in the USA also stressed the importance of such measures in helping to 
reduce antimicrobial usage (Ekakoro, Caldwell, Strand, & Okafor, 2019). Despite an 
understanding of the risks from AMR, however, farmers in this study also admitted 
that making further changes to improve antimicrobial stewardship were generally not 
a priority. With the possible exception of anthelmintic resistance, farmers did not 
seem to perceive AMR as a current threat that they needed to take further action over. 
This conflict between understanding the risks from AMR, whilst also distancing 
themselves from the urgency of the issue is not unique to this group of farmers. For 
example, dairy farmers in the UK and USA have expressed some concerns about 
AMR, but mostly feel that it is a greater threat to human medicine (P. J. Jones et al., 
2015), and that overuse of antimicrobials in livestock poses little threat to human 
health (Friedman et al., 2007). 
Vets were seen by farmers as important sources of information and guidance 
about AMR and responsible antimicrobial usage. The farmers in this study generally 
spoke positively about their interactions with vets and expressed the view that vets 
could be trusted to give evidence-based advice about the most appropriate treatment 
options and methods for preventing disease. Indeed, research with other farmers has 
found that vets are regularly cited as a key source of information for treatment advice 
and guidance on disease prevention (Friedman et al., 2007; P. J. Jones et al., 2015; 
Scherpenzeel et al., 2016; S. Schneider et al., 2018; Swinkels et al., 2015). There 
were, however, conflicts in the way farmers spoke about the veterinary profession. 
Some farmers expressed frustration about the advice they received from vets, as they 
felt the veterinary profession did not always present a consistent message about 
responsible antimicrobial usage. Farmers also felt there was scope for vets to do more 
to promote the concept of antimicrobial stewardship, and the findings from this study 
suggest that at least some farmers are ready to hear more from vets about increasing 
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stewardship on farms. Other farmers, however, expressed frustration at the cost of 
veterinary services and felt that antimicrobial stewardship would remain a low 
priority for them as they could not justify the consultation fees to seek advice for a 
problem that did not represent an immediate threat to their animals or business. The 
costs of medicines and veterinary services have also been identified as a barrier to 
antimicrobial stewardship by farmers in other settings (Ekakoro, Caldwell, Strand, & 
Okafor, 2019; Eltayb et al., 2012; Friedman et al., 2007; Obaidat et al., 2018).  
In addition to vets, industry bodies were commonly cited by farmers as 
credible sources of advice surrounding responsible antimicrobial usage. Farmers 
especially valued the species-specific guidance that came from industry sources such 
as the National Pig Association or the Agriculture and Horticulture Development 
Board. Industry-driven changes, such as contractual obligations to reduce usage 
during dry cow therapy, or the introduction of the electronic medicine books for pigs, 
were seen by farmers as being key drivers of change. Whether they agreed with such 
measures or not, farmers understood that these system-level changes from industry 
bodies would drive improvements in the use of antimicrobials, and felt they were a 
useful lever in promoting stewardship. Nonetheless, farmers expressed conflicting 
views about industry-led changes, as there was considerable frustration at industry-
related constraints on their ability to make further changes, most notably the high cost 
of production relative to their remuneration for their produce. Farmers were very 
aware that they could, in principle, further reduce their antimicrobial usage by making 
changes to management practices or infrastructure. Indeed, disease prevention was 
commonly cited by farmers as being the key to reducing antimicrobial usage on their 
farms; farmers do not want diseased animals, as they do not want animal welfare to 
suffer, but they also do not want their production parameters to suffer. Most of the 
farmers in this study, however, felt that significant changes to improve general herd 
health were beyond the financial capabilities of many farm businesses in the UK. 
These farmers are not alone in these concerns. Issues related to animal welfare, high 
costs of production, economic uncertainty, and concerns about profitability have been 
consistently identified as barriers to change by farmers across various livestock 
sectors and in different countries (Bellet, 2018; Buller et al., 2015; Coyne et al., 2019, 
2014; Ekakoro, Caldwell, Strand, Strickland, et al., 2019; Fortané et al., 2015; Hao et 
al., 2014; P. J. Jones et al., 2015; Moreno, 2014a; Tunstall et al., 2019). Therefore, 
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whilst farmers appear to be naturally motivated to increase disease prevention, they 
feel constrained by the economic challenges they face in livestock farming. 
Finally, although government bodies were mentioned in this study as credible 
sources of information about AMR, there was some scepticism about whether 
government bodies could be truly effective in implementing policy changes. Farmers 
were especially concerned about possible regulatory changes from government that 
might restrict their ability to administer antimicrobials to their animals. Furthermore, 
there is evidence that farmers feel that government bodies and other policy makers do 
not truly understand the realities of livestock farming, and that the emphasis of 
government bodies is on restrictions and regulations rather than policies that would 
support livestock farmers (Garforth, 2015). 
3.4.1 Limitations. This qualitative study set out to explore the antimicrobial 
usage decisions made by farmers in the UK who keep a range of livestock species for 
commercial purposes. The aim to was understand common themes that transcend 
different livestock species, farming systems, and usage scenarios. Although farmers 
who took part represented a range of intensive, semi-intensive, and extensive farming 
systems, none of the participants reported running any organic systems. Organic 
farming in the UK requires farmers to adopt management practices and treatment 
protocols that minimise the use of antimicrobials and there are restrictions on the use 
of certain antibiotics (Soil Association, 2019). It is therefore a limitation that the 
perspectives of organic farmers are not included in this study, as it would be of 
interest to understand whether their experiences and beliefs about usage and 
stewardship are similar to, or markedly different from, farmers running non-organic 
systems. All of the major livestock sectors in the UK were represented, with the 
exception of the poultry meat production industry. Although specialist poultry farmers 
were approached during recruitment, none agreed to participate. Therefore, this study 
may also be missing additional insights from the poultry meat sector.  
3.4.2 Implications. The findings from this interview study with farmers 
suggest that they have a good understanding of AMR and the importance of their own 
role as antimicrobial stewards; they especially see increased disease prevention as a 
key point for improvement in usage. Farmers are also open to messages from vets, the 
government, and industry bodies about responsible antimicrobial usage and trust the 
advice they receive from these sources. Nonetheless, farmers express conflicting 
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views about the need for them as individual farmers to make further changes, and do 
not always feel they receive consistent stewardship messages, especially from vets. It 
is possible that the conflicting narratives that run through farmers’ discussions of 
antimicrobial usage on their farms represent a reduced or conflicted motivation to 
change their own behaviour.  
These qualitative results suggest that two key barriers to further stewardship 
by livestock farmers are their beliefs that AMR is not an urgent problem within 
livestock farming and the economic constraints that prevent farmers from making 
changes to reduce the disease burden on-farm. Locating AMR as a future problem is 
not just an issue amongst farmers; doctors and vets also feel that AMR does not yet 
pose a serious threat (Krockow et al., 2019; McCullough et al., 2015; see also Study 
Three, Chapter Four). Interventions need to be developed to help farmers and other 
groups change their perceptions around the urgency of AMR, perhaps by highlighting 
more immediate costs to themselves or their animals from inappropriate usage. This 
might involve developing greater awareness of other potential harms to individual 
patients (animal or human) from antimicrobials, by highlighting that antimicrobials 
are not benign therapies. Future research to develop stewardship interventions should 
explore ways to increase the salience of AMR with farmers and other groups, perhaps 
through the use of case studies around anthelmintic resistance amongst sheep and 
cattle parasites, that demonstrate that AMR is already affecting livestock farming in 
the UK and is already relevant to their animals and businesses (Easton et al., 2018; 
Glover et al., 2017; Sargison et al., 2007; Sutherland & Leathwick, 2011).  
Overcoming the economic barriers to increasing disease prevention will be 
more challenging. Profit margins within UK livestock industries can be small and 
often fluctuate from year to year (DEFRA, 2019). Although there is scope for 
stewardship interventions aimed at individual farmers, a primary driver of 
antimicrobial usage on farms is the general disease burden, that is at least partly 
related to farming systems, management practices, and poor quality infrastructure. 
Successfully reducing antimicrobial usage amongst livestock will require investment 
by farmers to improve, for example, housing, stocking density, and animal genetics. 
While some larger investments will be beyond the reach of many farmers, some 
aspects of preventive medicine, such as vaccination programmes, better quality feed, 
and administering of colostrum to new-born animals will be more achievable. It is 
 145 
therefore important that farmers are enabled to make some of these smaller-scale 
changes, even within existing constraints. Farmers are motivated to reduce 
antimicrobial usage in order to reduce the medicine costs on their farms (P. J. Jones et 
al., 2015) and farmers view their treatment decisions as two-way discussions between 
themselves and their vets (Bellet, 2018; Coyne et al., 2014; Fischer et al., 2019). 
Farmers in this study also report trusting their vets and wanting to implement 
evidence-based best practice, but there is a lack of evidence to support clinical 
decisions in veterinary medicine compared to human medicine (S. Williams & Jordan, 
2015). One possible avenue is therefore to improve the evidence base for the return-
on-investment for farmers (in terms of improved welfare and productivity and 
reduced medicines costs) of interventions such as vaccination or improved nutrition 
(e.g. Learmount, Glover, & Taylor, 2018), especially when considered against the 
potential costs of antimicrobial restriction policies (Lhermie, Tauer, & Gröhn, 2018). 
By strengthening the evidence for preventive medicine, vets may feel more confident 
in communicating to farmers the expected benefits in terms of reduced disease or 
improved growth rates, which in turn may increase farmers’ motivation to make 
further investments and changes to reduce antimicrobial usage on their farms.  
3.4.3 Conclusions and next steps. This qualitive study set out to explore 
farmers’ beliefs about antimicrobial usage and antimicrobial stewardship in UK 
livestock farming. Farmers in this study were knowledgeable about AMR and were 
keen to be good antimicrobial stewards but did not feel that AMR was an urgent 
issue. They broadly trusted the information about responsible antimicrobial usage that 
they received from vets, the government, and industry bodies, but felt vets were not 
always consistent in their stewardship messages. Farmers were also concerned about 
possible regulatory changes that might restrict their right to administer antimicrobials 
to their animals. Finally, although farmers appear motivated to prevent disease on 
their farms, they feel constrained by economic challenges from making substantial 
changes that could reduce the disease burden. Farmers appear to hold conflicting 
views about their roles as antimicrobial stewards and feel that the levers for change lie 
external to themselves. In the next chapter, a comparison of the beliefs and 
experiences of farm vets and farmers in relation to antimicrobial usage and 
stewardship is presented. 
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Chapter Four3 
Study Three. Commonalities and Contrasts in Vets’ and Farmers’ Beliefs About 
Antimicrobial Resistance and Antimicrobial Stewardship: A Secondary 
Qualitative Analysis  
 
 The previous two chapters presented findings from qualitative interviews with 
farm vets (Study One) and farmers (Study Two) about their beliefs surrounding AMR 
and antimicrobial prescribing and usage on farms and what this might mean for 
antimicrobial stewardship in livestock veterinary medicine in the UK. Although it is 
important to understand the specific challenges that members of each profession face, 
it is also important to consider farm vets’ and farmers’ beliefs and experiences in 
relation to each other. This is because promoting animal welfare and managing and 
preventing disease on farms is often a collaborative effort between vets and farmers, 
so it is vital to understand where vets’ and farmers’ beliefs and experiences might 
diverge or converge. Furthermore, there are only a small number of studies in 
veterinary medicine that have explicitly explored antimicrobial usage and stewardship 
as a function of interactions between individuals. The study presented in this chapter 
therefore sought to help address this gap by conducting a secondary analysis on the 
qualitative data collected for Studies One and Two, to consider the beliefs and 
experiences of vets and farmers together.  
 
4.1 Introduction 
AMR is partially driven by inappropriate prescribing and usage by a range of 
key groups, including farm vets and farmers (Laxminarayan et al., 2013; Review on 
AMR, 2015a). It is therefore vital to understand how they make their antimicrobial 
treatment decisions for livestock in order to identify possible points of intervention to 
promote increased stewardship by members of each profession. The previous two 
chapters (Studies One and Two) sought to explore, within each profession, how farm 
 
3 This chapter is adapted from the published paper: Golding, S. E., Ogden, J., & Higgins, H. M. (2019). 
Shared goals, different barriers: A qualitative study of UK veterinarians’ and farmers’ beliefs about 
antimicrobial resistance and stewardship. Frontiers in Veterinary Science, 6. 
https://doi.org/10.3389/fvets.2019.00132 
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vets and farmers make sense of their own prescribing and usage decisions and what 
this might mean for stewardship in UK livestock farming.  
Managing the health of animals is, however, a collaborative effort in UK 
livestock farming, and there is an increasing emphasis on shared decision-making 
between vets and farmers to ensure the control of animal diseases and to promote 
efficient and sustainable food production (Reyher, Barrett, & Tisdall, 2017; Vet 
Futures Project Board, 2015; S. Williams & Jordan, 2015). Farmers have day-to-day 
responsibility for managing animal health and welfare and many farmers possess a 
level of expertise in preventing and treating disease on their farms; this will include 
administering antimicrobial treatment. In many instances, farmers will only call on 
vets to intervene when they face a clinical situation that they feel they cannot manage 
themselves, such as a difficult calving or an infection that has not responded to first-
line treatment (Richens et al., 2015). The role of a vet on-farm is not just focused on 
providing treatment for acute or emergency conditions, however; vets increasingly 
have a much broader consultative role on many farms, which can include planning 
vaccination programmes, promoting fertility, or advising on improvements to 
biosecurity to improve herd health (Richens et al., 2015; H. Woodward, Cobb, & 
Remnant, 2019). On some farms, there can be frequent contact between vets and 
farmers, and discussions about animal health can often be about preventing disease, as 
well as about treating disease. It is therefore important to consider the beliefs and 
experiences of farm vets and farmers in relation to each other, as vets and farmers are 
unlikely to always make their prescribing and usage decisions independently of the 
other party.   
There is, however, evidence that different groups hold different beliefs about 
antimicrobial prescribing and usage. For example, doctors’ beliefs about patients’ 
expectations for antimicrobials are poorly matched to patients’ actual expectations; 
doctors believe that a greater number of patients expect antimicrobials, than the 
number of patients who report expecting antimicrobials (Biezen et al., 2019; Cho et 
al., 2004; Coenen et al., 2013). There is also evidence that companion animal vets and 
pet owners hold dissonant views about where the responsibility for responsible 
antimicrobial prescribing lies, with pet owners feeling that vets sometimes prescribe 
antimicrobials unnecessarily and vets feeling that pet owners can place pressure on 
them to prescribe antimicrobials unnecessarily (M. Smith et al., 2018). More broadly, 
 148 
there is a mis-match between vets’ and farmers’ reports about the topics of 
conversations that occur between vets and farmers, and in their beliefs about the most 
important reasons for conducting herd health planning (Hall & Wapenaar, 2012). 
Furthermore, although farmers generally report valuing vets’ advice and input 
(Garforth, 2015), there nonetheless appear to be gaps between how farmers and vets 
view the vet’s role on farm, with more vets than farmers believing that vets have a 
role in optimising milk production and improving overall farm management strategies 
(Hall & Wapenaar, 2012).  
Such mis-matching of beliefs could lead to miscommunication between parties 
and reduced effectiveness of interventions as a result. Antimicrobial prescribing and 
usage behaviours do not happen at a purely individual level; there are complex 
interactions and relationships between prescribers and users (who are not always the 
patient), and these interactions should be acknowledged as influencing antimicrobial 
prescribing and usage. It is therefore important to explore the beliefs of vets and 
farmers in relation to each other, as any future interventions targeted at changing 
behaviour should ideally take account of any differences in the beliefs of individuals 
from both professions. To date, however, only a very small number of studies have 
considered antimicrobial prescribing and usage in veterinary medicine as a function of 
interactions and relationships between individuals, or considered the views of vets 
and animal owners together (Buller et al., 2015; Coyne et al., 2014; Doidge et al., 
2019; Om & McLaws, 2016; M. Smith et al., 2018; Visschers, Backhans, et al., 
2016). 
4.1.1 Aims and research questions. This qualitative study therefore set out to 
explore how farm vets’ and farmers’ beliefs about antimicrobial stewardship in UK 
livestock farming might both diverge and converge. A secondary data analysis was 
conducted on the combined datasets from Studies One and Two (Chapters Two and 
Three). The purpose of this study was to explore: 1) commonalities in farm vets’ and 
farmers’ beliefs about antimicrobial prescribing and usage on-farm, their beliefs about 
AMR, and how these beliefs may or may not support antimicrobial stewardship, and 
2) contrasts in farm vets’ and farmers’ beliefs about antimicrobial prescribing and 
usage on-farm, their beliefs about AMR, and how these beliefs may or may not 
support antimicrobial stewardship. 
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4.2 Methods 
This chapter reports a secondary data analysis of the data collected for Studies 
One and Two, and as such, only a summary of the methods is reported here. For full 
methodological details, please refer to Chapters Two and Three.  
4.2.1 Design. A secondary qualitative data analysis was conducted for this 
study using data collected during in-depth, semi-structured interviews with farm vets 
and farmers. Interviews were conducted between April and September 2016 and 
lasted between 25 and 59 minutes.  
4.2.2 Participants. Participants were recruited opportunistically and through 
snowball sampling. Inclusion criteria were vets working in private veterinary practice 
with livestock (any species, full- or part-time) and farmers keeping at least one 
species of livestock for commercial purposes. No restrictions were set based on 
demographic variables; a screening question ensured all participants were involved 
with antimicrobial treatment decisions on farms. 
4.2.3 Materials. An interview schedule was developed and piloted with two 
vets and two farmers, informed by critical incident methodology (Flanagan, 1954), to 
1) prompt participants to discuss concrete examples, and 2) elicit different examples 
of antimicrobial prescribing and usage incidents. Participants were first asked about 
three antimicrobial prescribing (vets) or usage (farmers) incidents and were then 
asked about the wider issue of AMR. For the full schedule, see Appendix B. 
4.2.4 Procedure. Participants were sent an online link (hosted in Qualtrics) to 
the information sheet, consent form, and demographics questionnaire (see Appendices 
C, D, and E) prior to interviews. Demographic data were collected for age, gender, 
and ethnicity. Farmers were asked to detail their highest level of education, number of 
years in farming, the nature of their farming system, and which livestock species they 
kept. Vets were asked to provide the year they qualified, details of any postgraduate 
qualifications, and the species they commonly worked with. After the interview, 
participants were debriefed and asked if they wanted to enter the prize draw.  
4.2.5 Data analysis. The process of thematic analysis (Braun & Clarke, 2006) 
was conducted three times across Studies One (vets), Two (farmers), and Three (vets 
and farmers), to generate three separate analyses. First, the vet interviews and farmer 
interviews were treated as independent datasets and analysed without reference to the 
other, to understand key issues within each profession (Studies One and Two; see 
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Chapters Two and Three). Next, the datasets were combined and analysed together 
using phases two to six of thematic analysis (Braun & Clarke, 2006) to generate a set 
of themes exploring commonalities and contrasts between the two professions. The 
combined dataset analysis was predominantly inductive and data-driven but was also 
inevitably guided by SG’s observations from the previous analyses of the vet and 
farmer datasets. As with Studies One and Two, a critical realist stance towards data 
analysis was adopted (see Chapter Two for more information).  
4.2.6 Ethics. Full details regarding ethical considerations are reported in 
Chapter Two. Participation was voluntary, and participants provided written informed 
consent online; on two occasions SG took verbal consent. A favourable ethical 
opinion for the study was granted by the University of Surrey’s Ethics Committee 
(Reference: UEC/2016/008/FHMS, see Appendix F). The study has been reported in 
line with the COREQ checklist (Tong et al., 2007). 
 
4.3 Results 
Participants were 13 private practice farm vets (six women, seven men) and 12 
commercial livestock farmers (all men) from across England, Wales, and Scotland; all 
described their ethnicity as white. The age range of ten vets was 24 to 58 years (mdn 
= 30.50); three vets declined to disclose their age. Farmers’ ages ranged from 28 to 64 
years (mdn = 36.50). Vets had been qualified for between 1 and 34 years (mdn = 
7.50); three had postgraduate veterinary diplomas. Most vets (n = 10) described their 
current role as at the assistant or employee level, whilst three worked at partner or 
management level. All farmers described themselves as key decision-makers for 
antimicrobial treatments and were either employed as livestock unit managers or were 
running their own farms. They had been farming for between 4 and 49 years (mdn = 
16.00). Most vets worked predominantly with cattle and sheep, but some also worked 
with goats, poultry, horses, and small animals; one participant was a specialist pig vet. 
Most farmers kept beef cattle, dairy cattle, sheep, or a combination of these; three 
farmers also kept either pigs or poultry. For individual demographic descriptions, 
please see Tables 4.1 and 4.2. Pseudonyms are used for all participants.  
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Table 4.1  
Key Demographic Characteristics of Vet Participants 
Participant 
pseudonym 
Age 
(range)* Gender Ethnicity 
Years qualified 
(range) Role level 
Species often working 
with** 
Species sometimes 
working with** 
Richard 51-60 Male White 31-40 Partner / Management Pigs N/A 
Matt 21-30 Male White 1-5 Assistant / Employee Dairy Beef, sheep 
Lisa - Female White 1-5 Assistant / Employee Beef, dairy, sheep Goats, pigs 
Hannah 21-30 Female White 1-5 Assistant / Employee Beef, dairy Sheep 
Cathryn 31-40 Female White 11-20 Assistant / Employee Beef, small animals, 
sheep 
Goats, horses, pigs, 
poultry  
David 21-30 Male White 1-5 Assistant / Employee Beef, dairy,  Sheep 
Andy 31-40 Male White 6-10 Assistant / Employee Dairy Beef, sheep 
Philip - Male White 11-20 Assistant / Employee Dairy, sheep Beef,  
Jenny 21-30 Female White 6-10 Partner / Management Beef, dairy, sheep N/A 
Susie - Female White 1-5 Assistant / Employee Dairy, goats, sheep Beef,  
James 31-40 Male White 11-20 Assistant / Employee Dairy Beef, sheep 
Gemma 21-30 Female White 6-10 Assistant / Employee Beef, dairy,  Sheep 
George 51-60 Male White 31-40 Partner / Management Beef, dairy, goats, sheep Pigs 
Note. * Where no age is provided, participants declined to provide this information. ** Species listed alphabetically. N/A = not applicable 
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Table 4.2  
Key Demographic Characteristics of Farmer Participants 
Participant 
pseudonym 
Age 
(range) 
Gender Ethnicity Years farming 
(range) 
Farming system* Species kept for commercial 
purposes 
Chris 31-40 Male White 11-20 Extensive Beef, sheep 
Joe 31-40 Male White 11-20 Semi-intensive Sheep 
Mark 31-40 Male White 6-10 Intensive Dairy cattle, sheep 
Tim 61-70 Male White 41-50 Semi-intensive Beef, pigs, sheep 
Johnny 21-30 Male White 6-10 Semi-intensive Beef, dairy cattle 
Luke 31-40 Male White 1-5 Intensive Beef, sheep 
Nick 31-40 Male White 1-5 Intensive Dairy cattle 
Pete 31-40 Male White 6-10 Extensive Sheep 
Michael 41-50 Male White 21-30 Intensive / Semi-intensive / Extensive Beef, dairy, pigs, sheep 
Simon 31-40 Male White 11-20 Semi-intensive Beef, sheep 
Gavin 41-50 Male White 31-40 Semi-intensive Dairy cattle 
Bill 61-70 Male White 41-50 Semi-intensive Beef, poultry (egg-laying) 
Note. * Self-categorised from pre-defined list; no farmers reported running an organic system. ** Species listed alphabetically.  
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Figure 4.1. Overview of key themes and sub-themes from vet-farmer comparison 
analysis.  
 
The analysis generated four key themes, each with sub-themes, that explore 
the commonalities and contrasts between vets’ and farmers’ beliefs about AMR and 
antimicrobial stewardship (see Figure 4.1). The first theme, ‘A shared conflict 
between ideals and behaviour’, highlights that vets and farmers have a shared 
understanding of the challenges posed by AMR and the need for increased 
antimicrobial stewardship, but do not always prioritise stewardship in their everyday 
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3.3 Conflicting messages 
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treatment decisions. The next two themes, ‘Barriers to stewardship: the vets’ 
perspective’ and ‘Barriers to stewardship: the farmers’ perspective’, focus on the key 
challenges that vets and farmers see as preventing them from prioritising AMR and 
making further improvements to antimicrobial use on farms. These two themes were 
predominantly based on the findings from Studies One and Two (Chapters Two and 
Three), but were reframed as part of this analysis. The final theme, ‘A shared 
ambivalence: ownership versus other-blaming’, highlights the ambivalent relationship 
that vets and farmers have with antimicrobial stewardship and responsibility for 
AMR. These themes and their sub-themes will now be discussed using exemplar 
quotes.  
4.3.1 Theme 1. A shared conflict between ideals and behaviour: “I don’t 
like using antibiotics, but you have to”. The first theme highlights vets’ and 
farmers’ beliefs about AMR and about their responsibilities for responsible 
antimicrobial use, as well as their concerns about threats to animal welfare. It also 
highlights a conflict between vets’ and farmers’ knowledge about stewardship ideals 
and their own antimicrobial usage behaviour. There are three sub-themes: ‘Shared 
knowledge of stewardship’, ‘Shared anxieties for animal health’, and ‘Shared future 
discounting’.  
4.3.1.1 Sub-theme 1.1. Shared knowledge of stewardship: “we’ve gotta be 
responsible”. Both vets and farmers demonstrated a good awareness of the potential 
threats from AMR for human and animal health, and understood the risks posed by 
drug-resistant infections. In relation to farm animals, these risks were often framed in 
terms of threats to animal welfare, income, and productivity:  
“More animals would die, I think, as simple as that…they would not thrive as 
well” (Simon, beef and sheep farmer). 
“If we did get an outbreak of mastitis that…you couldn’t…contain, it could be 
a massive economic loss…I could lose thousands” (Johnny, cattle farmer). 
Antimicrobial stewardship was acknowledged as being a key part of the strategy to 
protect humans and animals from drug-resistant infections; vets and farmers both 
recognised the role their own antimicrobial usage played in this:  
“It’s always in the back of your mind, every time you prescribe an antibiotic… 
am I selecting for resistance in any way?” (Lisa, cattle and sheep vet). 
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“Obviously we’ve gotta be responsible for what we’re using, in the same way 
that human medicine’s gotta be responsible for what they’re using” (Michael, 
cattle, sheep, and pig farmer). 
At a conceptual level then, it was clear that vets and farmers both understood the 
potential risks from AMR and recognised their responsibility to minimise potential 
harms from inappropriate use. 
4.3.1.2 Sub-theme 1.2. Shared anxieties for animal health: “you’re gonna 
end up with welfare issues”. Despite this apparently high awareness of the risks from 
AMR and the need to be antimicrobial stewards, vets and farmers generally appeared 
not to perceive AMR as a current threat for their own practice and farms. With the 
possible exception of anthelmintic resistance, AMR was not something vets and 
farmers felt they had encountered for themselves: 
“You hear about it, and you read about it in the farming press…but I can’t 
physically say I’ve seen it…nothing’s ever been proven to me as we’ve had 
resistance to an antibiotic” (Bill, beef farmer).  
Instead of AMR being experienced by vets and farmers as a current threat, mostly 
they were concerned about their future ability to protect animal welfare and continue 
treating sick animals effectively. This was partly due to the risk of antimicrobials 
becoming ineffective if microorganisms developed resistance but was also due to 
concerns that antimicrobial use will become restricted in livestock as a result of 
tighter regulation. Vets and farmers stressed they did not want animals to suffer as a 
result of restricted treatment options, but opinions were mixed regarding tighter 
regulation:  
“We need to acknowledge there are antibiotics that for whatever reason have 
become of critical importance to the human field, and their use should be, in 
my opinion, limited” (Richard, pig vet). 
“It would be good for antibiotic choice…however…it would be another nail in 
the coffin for the farming industry” (Hannah, cattle vet). 
Linked to these concerns that their ability to protect animal welfare might be 
undermined in the future, vets and farmers felt a shared frustration that antimicrobial 
use in livestock is being unfairly targeted as a key driver of AMR, and that greater 
stewardship efforts were needed in other domains. There was concern that the public 
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narratives about antimicrobial usage in farming could have negative impacts on 
animal welfare:  
“The press like to make it look like we’re causing the problems…it’s good PR 
for the government, or whoever’s in power, to blame the farmers for using 
antibiotics” (Chris, beef and sheep farmer). 
“You’re gonna end up with welfare issues [if] you’re not treating a sick 
animal…that’s where sadly this whole argument gets a bit hijacked by 
government and by people that are anti-antibiotic use…I’m sorry, but there is 
a need for antibiotics” (Michael, cattle, sheep, and pig farmer). 
Vets and farmers therefore understand the theoretical future risks from AMR, 
including threats to human and animal health, but in terms of their everyday 
experiences, their immediate concerns relate to potential regulatory threats to 
treatment options. They are worried that antimicrobial use in farm animals may be 
restricted, resulting in situations where sick animals cannot receive required 
treatments, leading to poorer animal welfare.  
4.3.1.3 Sub-theme 1.3. Shared future discounting: “I’m sure we all have this 
wonderful ideal”. Vets and farmers often spoke at length about potential risks from 
AMR, but those risks appeared not to be salient enough in the here-and-now of their 
everyday decision-making. AMR mostly represents a future threat to vets and 
farmers, a threat they often discount in the face of more immediate concerns. 
Therefore, despite vets and farmers having good awareness of potential risks from 
AMR, a factoring of these risks into their treatment decisions was not always evident. 
Immediate concerns, such as welfare and productivity, were recognised as more 
pressing factors: 
“It’s not something you get up in the morning and think, oh, antibiotic 
resistance today…most farmers’ agendas are trying to financially keep the 
place on an even keel and keep their stock as productive and healthy as 
possible” (Tim, beef, sheep and pig farmer). 
There was also evidence that the salience of the risks of driving AMR from 
inappropriate use of antimicrobials varied between different decisions. For example, 
although most vets reported “making a conscious effort to…avoid certain classes of 
antibiotics” (Gemma, cattle vet), others acknowledged that AMR concerns cannot 
always be prioritised and are “just something else to be weighed up against all the 
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other factors” (David, cattle vet). Vets appear to adjust their prescribing, sometimes at 
the expense of stewardship principles, to account for the specific context:  
“I’m sure we all have this wonderful ideal of what we would like to do…[but] 
putting it into practice can sometimes be a bit trickier” (Gemma, cattle vet). 
Farmers also alluded to a tension between wanting to avoid antimicrobial usage and 
finding themselves in situations where they felt there was no alternative:  
“I’m more prevention, than cure…but…I have to safeguard and protect my 
animals for profitability and fitness and also welfare...I don’t like using 
[antibiotics], but you have to” (Gavin, dairy farmer). 
This theme therefore begins to illustrate the conflict that vets and farmers experience 
between knowing they should be antimicrobial stewards and knowing that their own 
prescribing and usage behaviour is not always aligned to stewardship ideals. To 
explain this conflict between their ideals and behaviour, vets and farmers discussed 
the importance of contextual factors on their antimicrobial usage decisions. Despite 
some commonalities between the professions, different factors appeared to represent 
greater challenges to vets or to farmers. Exactly how these contextual factors 
influenced their decisions and acted as barriers to antimicrobial stewardship will be 
discussed across the next two themes.  
4.3.2 Theme 2. Barriers to stewardship: the vets’ perspective: “you have 
to be fairly confident in your client relationship”. The second theme describes how 
vets’ treatment decisions are influenced by their perceptions of the situational factors 
on-farm, differences between the farmers themselves, and concern about maintaining 
client satisfaction and protecting their relationships with farmers. There are three sub-
themes: ‘Situational factors’, ‘Farmer variability’, and ‘Relationship management’.  
4.3.2.1 Sub-theme 2.1. Situational factors: “treatments…they’re farm 
specific”. Disease was acknowledged to be influenced by farm-specific factors, 
including infrastructure quality and the underlying health status of animals. Vets felt 
the most appropriate treatment varied across farms, farming systems, and industries, 
and they stressed the importance of understanding the farm’s disease and treatment 
history when assessing treatment options: 
“Treatments…might be generic [but]…they’re farm specific really. You need 
to know what’s going on on the farm to be able to advise them” (Philip, dairy 
and sheep vet). 
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Uncertainty in determining the causal agent was regularly mentioned as driving 
antimicrobial use in situations where antimicrobials were not definitely needed. 
Sometimes, uncertainty was managed by prescribing antimicrobials:  
“There’s always the fear…[with] E. coli mastitis, there’s evidence to suggest 
you don’t really need to prescribe an antibiotic, but quite often we do, and…I 
don’t think I’d be brave enough not to prescribe an antibiotic” (Lisa, cattle 
and sheep vet). 
Vets wanted to make greater use of diagnostic testing to reduce inappropriate 
prescribing, but felt this was often impractical, with time delays the most commonly 
cited barrier:  
“If you’ve got an acutely ill animal…you can’t really sit and wait for 48 to 72 
hours to grow something on a plate” (David, cattle vet).  
Vets were also sensitive to financial pressures faced by farmers, which they felt 
limited their ability to help farmers reduce inappropriate antimicrobial use. For 
example, concerns were raised about short milk withdrawal periods on third and 
fourth generation cephalosporins, which presented vets with an economic challenge to 
prescribing alternative drugs: 
“It’s harder to say…I think we should go for a penicillin because it’s a more 
responsible choice, but that means you’re not gonna be able to put milk in the 
tank” (Lisa, cattle and sheep vet). 
Nonetheless, vets also reported sometimes using economic arguments to persuade 
farmers to agree to alternative treatments, for example by presenting economic 
benefits of disease prevention:  
“By managing, preventing, reducing lameness in sheep flocks, there’s a 
reduction in antibiotic usage [and]…huge welfare benefits and performance 
benefits” (Susie, dairy, sheep, and goat vet). 
Vets’ judgements about the most appropriate treatment can therefore shift according 
to their perceptions of the specific situation on-farm.  
4.3.2.2 Sub-theme 2.2. Farmer variability: “just because of the type of 
farmer”. Vets’ prescribing is also influenced by the varying knowledge, abilities, and 
personalities of farmers. Mostly, vets felt farmers followed their treatment advice, but 
if they were concerned a farmer might not adhere to treatment plans, they would 
account for this when prescribing:  
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“A particularly diligent stockman…we might just ask them to inject. If we felt 
they were gonna miss half the cases, then we might prefer to blanket 
medicate” (Richard, pig vet).  
Vets were aware that farmers are busy people and they sometimes prescribed long-
acting medications to reduce the farmer’s workload. Long-acting medications were 
also sometimes prescribed for other practical reasons, such as ease of administration, 
or farmer health and safety:  
“I didn’t want him to get killed trying to comply [laughs]…[the cow] was 
nuts, she was really angry” (Jenny, cattle and sheep vet).  
Perceived differences in farmers’ personalities were acknowledged as sometimes 
influencing vets’ prescribing decisions:  
“Alamycin, I’d probably suggest giving two courses [but] for an impatient 
farmer, I suggest giving one course and then moving onto another drug just 
because of the type of farmer that he is” (Hannah, cattle vet).  
Farmer personality also influenced vets’ willingness to raise the topic of antimicrobial 
stewardship and discuss alternative drugs or preventive measures, and there was 
frustration at those farmers who appeared resistant to change:  
“The trouble is…farmers that are doing it wrong will not attend any courses 
or listen to anything you’ve got to say” (Cathryn, beef and sheep vet). 
Vets’ prescribing ideals are therefore challenged, and their treatment decisions 
influenced by, the individual differences they perceive between farmers. 
4.3.2.3 Sub-theme 2.3. Relationship management: “you can end up having a 
little row”. Vets felt farmers had a lot of respect for them, but it took time for them to 
develop an effective relationship with farmers: 
“You need to build up your repertoire with the farmers before they’ll pay any 
attention to you” (Matt, dairy vet).  
Central to some prescribing choices by vets was an underlying need to manage their 
own, and farmers’, emotions, particularly in situations of clinical uncertainty. Vets 
were concerned about negative outcomes for the farmer, the animal, and their own 
reputations. They were especially concerned about actively refusing treatment or 
recommending alternative antimicrobials:  
“Sending someone away with no treatment is not easy, you have to be fairly 
confident in your client relationship…if they can’t accept it, they’ll either go 
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down the road for a second opinion or come back and say I don’t want to see 
that useless vet who didn’t give my animal any treatment” (George, cattle, 
sheep, and goat vet). 
Although vets did discuss ambiguous clinical situations when they chose not to 
prescribe, sometimes the potential risk, and associated emotional cost, was just too 
great. Occasionally, vets felt farmers just expected them to do something and they 
acknowledged the psychological benefits from the act of treating, even when 
treatment might be inappropriate:  
“Even though if you didn’t give the antibiotic [the animal] would have looked 
better, it gives [farmers]…peace of mind that they’ve done something to try 
and help that animal” (Hannah, cattle vet). 
Vets acknowledged their professional responsibility to prescribe responsibly and 
knew they should challenge farmers’ expectations surrounding antimicrobial 
treatment. Nonetheless, vets admitted they sometimes prescribed antimicrobials to 
avoid or resolve awkward consultations:  
“Someone who’s like, well I think it needs this, and you’re like, well I think it 
doesn’t…you can end up having a little row and…for the sake of an easy life, 
sometimes you’re just like fine, fine, you’re wrong, but fine” (Gemma, cattle 
vet). 
Furthermore, there was a sense that there needed to be greater consistency of 
stewardship messages communicated to farmers by the veterinary profession. Some 
vets admitted they would sometimes prescribe against their own judgement because 
they suspected their vet colleagues would override their decision, undermining their 
relationship with their farmer clients:  
“Knowing that actually, if I say no, that farmer would just phone one of the 
other vets, and they’d say yes. So that’s quite hard, to make a responsible 
decision” (Lisa, cattle and sheep vet). 
This theme therefore highlights some of the barriers that vets perceive as preventing 
everyday antimicrobial stewardship. Vets’ treatment decisions are influenced by 
farm-specific factors, such as herd health status or economic concerns. Vets also 
adjust their treatment decisions to account for farmers’ abilities or personalities. 
Finally, vets are concerned about maintaining their relationships with their farmer 
clients and keeping them satisfied. Although vets are concerned about AMR, the here-
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and-now challenges of their treatment decisions often take priority over their 
intentions to act in line with stewardship ideals. 
4.3.3 Theme 3. Barriers to stewardship: the farmers’ perspective: 
“putting pressure on the cost of production”. The third theme describes how 
farmers’ treatment decisions are made within a context that is constrained by financial 
concerns and industry pressures. Farmers’ decisions are also influenced by the 
messages, sometimes conflicting, that they receive about antimicrobial usage from 
vets and the government. There are three sub-themes: ‘Economic challenges’, 
‘Competing industry drivers’, and ‘Conflicting messages’. 
4.3.3.1 Sub-theme 3.1. Economic challenges: “the money’s not there in the 
job”. Throughout their discussions of antimicrobial usage, farmers provided examples 
where financial factors either promoted or prevented antimicrobial usage in line with 
stewardship ideals. Although farmers understand the need to use antimicrobials 
responsibly, they also face real practical issues, such as limited time and money, 
which they feel prevent them from making further changes to improve health status 
and prevent additional usage of antimicrobials:  
“The money’s not there in the job at the minute…people are getting paid less 
than cost of production…everyone’s trying to cut corners where they can to 
save money and there’s gonna be repercussions because of it” (Johnny, cattle 
farmer).   
Although they generally trusted the veterinary advice they did seek out, some farmers 
felt vets did not have much of a role in antimicrobial stewardship on-farm, because 
veterinary services were too expensive: 
“[Vets] cost money…as soon as you have a conversation of a management 
matter, it’s a hundred pounds or something ridiculous like that” (Simon, beef 
and sheep farmer). 
There were also negative views expressed about potential legislative changes that 
might restrict a farmer’s right to administer antimicrobials. There was a sense from 
farmers that this would both threaten their livelihoods, and challenge their ability to 
perform their job effectively: 
“[If] every sick pig’s gotta be looked at by the vet…if you get to that stage… 
you might as well write-off British livestock agriculture” (Michael, cattle, 
sheep, and pig farmer). 
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Measures to improve antimicrobial use on-farm were therefore sometimes seen as 
posing an additional economic burden on farmers, especially for those businesses 
already struggling to remain profitable. 
4.3.3.2 Sub-theme 3.2. Competing industry drivers: “food with less 
antibiotics will be more expensive”. Linked to the cost-benefit consideration of each 
individual decision were broader industry and consumer pressures, which farmers felt 
could drive both good and bad practice. Farmers acknowledged the benefits of 
industry-led initiatives and recognised the potential power of consumers to drive 
improvements in antimicrobial usage; they were increasingly aware of stewardship 
messages coming from commercial product-buying organisations and farm assurance 
schemes: 
“The retailers don’t…want us to be blanket treating them [the cattle] with 
antibiotics any more” (Luke, beef and sheep farmer). 
Despite welcoming some industry-led initiatives, farmers also felt frustrated and 
constrained by the economics of the industries and systems they worked in. There was 
a sense that industry and consumer demand for cheap meat and milk products was 
preventing further improvements on many farms. Some farmers felt the demand for 
cheap produce was linked to poorly managed systems that could increase the need for 
antimicrobials; sometimes, this demand for cheap produce was also linked to 
concerns about intensification:  
“With people looking for cheaper and cheaper food…that’s putting pressure 
on the cost of production…so people do take shortcuts and keep animals in 
unsuitable accommodation and so on” (Mark, dairy and sheep farmer). 
“If we want to go down this line of intensive farming, for cheap meat, then I 
don’t see any other way of doing it…you’re gonna get these big problems, 
because everything’s done on a big scale, and therefore you’re going to need 
the antibiotics” (Joe, sheep farmer). 
Supermarkets and other produce buyers were therefore seen as having a pivotal role in 
driving current farming practices and associated antimicrobial usage. There was a 
desire for farmers to receive better financial support in order to continue driving 
change, which most felt should come in the form of a better price for farmers’ 
produce:  
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“Supermarkets seem very reluctant to tell the consumer how it is…the 
consumer needs to face, be given the choice of cheap food or sustainable food, 
and obviously food with less antibiotics in it will be more expensive” (Nick, 
dairy farmer). 
Farmers were therefore aware of the stewardship messages coming from industry 
stakeholders. Nonetheless, they felt constrained by what they perceived as prevailing 
market forces, that keep the purchase price of products too low for many farmers to 
re-invest and improve their management systems.  
4.3.3.3 Sub-theme 3.3. Conflicting messages: “I don’t think the vets are all 
on one hymn sheet”. Farmers generally reported getting their information and 
support about AMR and stewardship from vets, industry bodies, and government, and 
were sceptical of the messages about AMR they heard in the mass media. Vets were 
seen as a valuable and credible source of information regarding AMR and 
stewardship, and farmers appeared to welcome vets’ input on these issues:  
“[Vets] are the go-to people for advice, and they are…well-educated 
experts…if they said something to a farmer, I think it would make a farmer 
stop and listen” (Nick, dairy farmer). 
Farmers also felt there was a role for governmental and industry bodies to lead on 
improving antimicrobial usage on farms, and such bodies were regularly mentioned as 
having a central role in disseminating stewardship messages. There was a belief 
amongst farmers that these bodies had the resources and expertise to conduct the 
required research and provide evidence-based guidance to each specific livestock 
industry: 
“I tend to take everything in the press with a pinch of salt…[if] the VMD or 
APHA4…National Pig Association…or if AHDB5 come out with something 
then I tend to take more notice of that, because it should be based on science 
and fact and evidence” (Michael, cattle, sheep, and pig farmer). 
Despite this general faith in veterinary and governmental advice, there was, however, 
some evidence that farmers felt they received conflicting messages from these 
sources. For example, farmers perceived variation in the advice they received from 
vets regarding antimicrobial treatment options:  
 
4 Animal and Plant Health Agency 
5 Agriculture and Horticulture Development Board 
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“We’ve had two conflicting…veterinary opinions…I don’t think the vets are 
all on one hymn sheet, are they?” (Joe, sheep farmer). 
Furthermore, there was also some scepticism amongst farmers about the 
government’s ability to co-ordinate effective animal health campaigns:  
“You could say DEFRA, but when you see the shambles they’re doing on the 
TB malarkey, whether or not they’d be the right ones to do that, I don’t know” 
(Bill, beef farmer). 
Receiving conflicting messages from the sources they perceive to be otherwise 
credible could undermine the trust that farmers place in vets and the government. If 
key stewardship messages are perceived as inconsistent, farmers may also be less 
motivated to change their antimicrobial usage.  
This theme therefore highlights some of the barriers that farmers felt prevent 
them from making further improvements in their antimicrobial usage. Farmers felt 
constrained by external forces, such as economic challenges and industry pressure. 
Furthermore, they reported getting conflicting signals from key messengers, 
potentially undermining those messengers’ efforts to encourage farmers to change 
their behaviour.  
4.3.4 Theme 4. A shared ambivalence: ownership versus other-blaming: 
“I want to reduce…the risk of antibiotic lottery”. The first three themes therefore 
illustrate the conflict vets and farmers experience between their ideals about 
stewardship and their own, less-than-ideal behaviour in some situations. It is clear that 
vets and farmers understand their responsibilities as antimicrobial stewards, but they 
perceive various barriers that prevent them from always using antimicrobials in line 
with stewardship principles. The final theme explores how these tensions manifest for 
vets and farmers as a sense of ambivalence towards their antimicrobial stewardship 
responsibilities: vets and farmers express both ownership for stewardship and other-
blaming for inappropriate antimicrobial use. There are two sub-themes: ‘Shared 
ownership’ and ‘Shared other-blaming’.  
4.3.4.1 Sub-theme 4.1. Shared ownership: “you think of the sort of moral 
issues”. It is evident that vets and farmers know they should practice good 
antimicrobial stewardship. Disease prevention was seen as a key strategy for reducing 
antimicrobial usage, and all vets and farmers agreed with the benefits of preventive 
measures, such as vaccinations, improved housing, and genetic breeding to strengthen 
 165 
natural immunity. Avoiding sick animals in the first place was a primary aspiration 
for all farmers: 
“If you’re giving the antibiotic…you’re losing growth or whatever because 
the animal isn’t thriving, so we try and keep the animals healthy rather than 
have to treat them” (Chris, beef and sheep farmer). 
Vets expressed a clear sense of ownership in promoting stewardship to farmers, and 
felt it was especially important that they worked with farmers to improve farmers’ 
treatment decisions: 
“I want to reduce…the risk of antibiotic lottery, where farmers don’t know 
what they should be using…[now] they’ve got a standard operating procedure 
to work from” (Susie, dairy, sheep, and goat vet). 
Both vets and farmers recognised the complexity of decision-making surrounding 
antimicrobial treatment, but farmers more often saw their diagnostic decisions as 
straightforward. Compared to vets’ decisions, farmers’ diagnostic decision-making 
appeared rather binary; an animal was either sick or it was not sick, and sick animals 
needed antimicrobials. Vets felt farmer education in this area was a key part of their 
own role as antimicrobial stewards and they discussed ways they worked with farmers 
to better manage ambiguous cases:  
“We teach them pattern recognition, to know what’s appropriate to treat, and 
what’s not” (Richard, pig vet). 
Farmers also expressed a sense of ownership for improving antimicrobial usage and 
recognised that in some cases using antibiotics would not necessarily confer any 
benefits to the animal. They discussed various examples of when they withheld 
antibiotics, such as when they suspected the cause might be viral, when they felt pain 
relief was sufficient, or when they simply felt through experience that antibiotics 
would make little difference to the outcome:  
“If the symptoms are already on the wane…a shot of antibiotics is probably 
not going to do too much, other than make you feel better, rather than the 
sheep [laughs]” (Pete, sheep farmer). 
Furthermore, although farmers reported administering blanket treatment, they were 
aware it was not always necessary and could drive the development of drug-resistant 
pathogens. Some farmers discussed how the threat of AMR was motivating them to 
make changes to try and reduce this type of treatment:  
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“Alamycin…I used that as a blanket treatment [for enzootic abortion] and it 
stopped it. Great. But then you think of the sort of moral issues with it, so I’ve 
started to…put the vaccine into my young ewes” (Joe, sheep farmer). 
Taking ownership for antimicrobial stewardship was seen by both vets and farmers as 
being a joint enterprise between both professions; encouraging collaborative working 
between vets and farmers was considered an important strategy for improving 
stewardship. There was a sense that shared knowledges and experiences from the 
wider veterinary and farming communities informed treatment decisions. Finding 
ways to share success stories was one strategy that vets used to support farmers in 
making changes to antimicrobial use:  
“Farmers that have done it and had success…it’s about getting them 
together…to share their experiences” (James, dairy vet).  
Breaking habits was recognised as hard, but vets did discuss examples of when they 
had managed to facilitate changes on-farm through discussion with farmers. There 
was also a suggestion that vets’ own perceptions of their farmer clients could be 
wrong. If they could find a way to engage a particular farmer and understand their 
needs, vets could have an unexpected impact on farmer behaviour and successfully 
reduce antimicrobial use:  
“One farm…would’ve been inappropriate use of fluoroquinolones…we 
managed them onto a penicillin-based product…[and] a respiratory vaccine… 
He’s not someone you’d expect would be so easy, but he’s been a very easy 
example” (Andy, dairy vet).  
Both vets and farmers could be wary of change; they acknowledged that behaviour 
change can be difficult, but recognised change was needed to improve antimicrobial 
usage. Farmers mostly felt vets were the experts who could provide them with support 
and motivation to reduce antimicrobial use on-farm, and farmers wanted their vets to 
guide them: 
“I was very, very, very sceptical about this selective dry cow therapy… 
because my vet told me not to do it…he’s had experience of people doing it 
and it didn’t work, but then…me and the vet, we went to a…seminar [about]… 
mastitis research…and he changed his tune overnight, right there and then… 
so then I’ve given it a go” (Johnny, cattle farmer). 
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It is clear then that vets and farmers understand their responsibilities as antimicrobial 
stewards and understand the need to change their practices to improve antimicrobial 
usage in the animals they work with.  
4.3.4.2 Sub-theme 4.2. Shared other-blaming: “the steps that I go to”. 
Despite this clear sense of ownership for antimicrobial stewardship, however, there 
was also some scepticism expressed by vets and farmers about the threat posed by 
agricultural antimicrobial use, especially in relation to human health: 
“We would argue the vast majority of antimicrobial resistance is actually 
created within the human population, and the animal contribution…is actually 
relatively small” (Richard, pig vet). 
This scepticism means that, alongside a sense of ownership for the problem, vets and 
farmers also engaged in other-blaming for rising rates of AMR. This other-blaming 
happened at different levels, both within and without the UK, and was directed at 
various groups across both veterinary and human medicine. Both vets and farmers 
feel frustrated that their own stewardship efforts are being undermined by the actions 
of other key stakeholders, and there were frustrations at differing practices across the 
global community: 
“Other countries are using antibiotics willy-nilly…we can do as much as we 
can over here, but then is it gonna make much of a difference, unless the other 
countries do something as well?” (James, dairy vet). 
“You have to look globally…massive use of routine antibiotics, way in excess 
of anything that we would use over here” (Richard, pig vet).  
Much of this other-blaming by vets and farmers was directed at human medicine. 
There was a common feeling that stewardship in human medicine was insufficient, 
and vets and farmers regularly discussed inappropriate use by doctors and patients:  
“The steps that I go to, to make sure my sheep flocks complete a course of 
antibiotics, but actually how many people…don’t complete courses” (Susie, 
dairy, sheep, and goat vet).  
As well as directing their frustrations at human doctors and patients, vets and farmers 
also directed some of this other-blaming towards the current state of the UK farming 
industry. For example, vets and farmers acknowledged that although in principle more 
could be done to prevent disease, many changes were beyond farmers’ financial 
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capabilities. Some also felt that levels of antimicrobial usage were intrinsically linked 
to the nature of some farming systems: 
“I don’t think you can manage without antibiotics in the kind of system that 
I’m doing here, certainly with the cattle anyway, which is a shame, but I can’t 
see how you could possibly do it without it” (Luke, beef and sheep farmer). 
Pharmaceutical companies were also seen as driving inappropriate antimicrobial use 
in some situations. Alongside frustration about the relative prices of antimicrobials 
and vaccines making preventive medicine challenging to justify in some cases, the 
introduction of some classes of antimicrobials for agricultural use was also 
questioned: 
“I don’t think there’s any reason to be using cephalosporins or 
fluoroquinolones in farm animal medicine, and I think they should just go… 
why zero milk withhold cephalosporins came on the market…I think that was 
a mistake…absolutely no reason for it” (Andy, dairy vet). 
Finally, as well as directing blame at human medicine, or at the farming and 
pharmaceutical industries, vets and farmers also felt there was room for improvement 
amongst their own veterinary and farming colleagues. Sometimes, this other-blaming 
was directed at vets: 
“I’m very careful about my use of fluoroquinolones…which some vets seem to 
dish out willy-nilly” (George, cattle, sheep, and goat vet).  
“It’s down to them at the end of the day, isn’t it…I mean, I’m only a farmer 
aren’t I…I’m relying on the vets…to tell us which are the best ways to go” 
(Gavin, dairy farmer). 
At other times, farmers were the target for this other-blaming: 
“I know for a fact there are farmers out there…doing naughty things, which 
means antibiotic milk is getting into the system” (Nick, dairy farmer). 
“We’re doing it at the right dose, the right route…so many farmers…are 
giving an inappropriate drug, an inappropriate dose” (Cathryn, beef and 
sheep vet). 
Therefore, despite the desire for collaborative working evidenced in the previous sub-
theme, there was also evidence that sometimes vets and farmers felt frustrated at what 
they felt was less good behaviour by colleagues.  
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This final theme therefore illustrates that vets and farmers appear to have an 
ambivalent relationship with antimicrobial stewardship and responsibility for AMR. 
Whilst they understand they need to take ownership for stewardship, vets and farmers 
also engage in other-blaming for the problem of inappropriate antimicrobial usage. 
Vets and farmers therefore appear to feel that their stewardship efforts are 
undermined by the actions of other key stakeholders, including those of other vets and 
farmers. 
 
4.4 Discussion 
This qualitative study set out to explore commonalities and contrasts in farm 
vets’ and farmers’ beliefs about antimicrobial prescribing and usage, AMR, and 
antimicrobial stewardship in UK livestock farming. The key findings from this 
secondary data analysis were that farm vets and farmers appeared to share a conflict 
between their antimicrobial stewardship ideals and their everyday antimicrobial 
prescribing and usage behaviours. Barriers to consistently acting in line with 
stewardship ideals were identified by vets and farmers. As a result of these barriers 
vets and farmers appeared to express a sense of ambivalence for antimicrobial 
stewardship. Vets and farmers in this study understood the principles of and need for 
increased stewardship, and they expressed a sense of ownership for responsible 
antimicrobial prescribing and usage. Despite this, vets and farmers also engaged in 
other-blaming for the problem of AMR and insisted that others are more responsible 
for inappropriate prescribing and usage than they are. 
This secondary data analysis of the vet and farmer interviews highlighted 
differences in the barriers to stewardship that loomed largest for each profession. 
Farm vets identified barriers related to situational factors on-farm, variability amongst 
farmers, and the need to protect their relationships with farmers. Farmers identified 
barriers related to economic challenges, competing demands from industry, and 
conflicting messages from vets. What these barriers mean for vets and farmers has 
already been discussed in detail in Studies One and Two (Chapters Two and Three) 
and will not be considered further in this chapter. 
Aside from the differences in barriers, however, there was much in common 
regarding the beliefs and experiences of members of the two professions. Farm vets 
and farmers in this study both demonstrated a good level of knowledge and 
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understanding in relation to AMR and the need for increased stewardship in livestock 
farming. Although some of this concern was related to the potential threats to public 
health from AMR, vets and farmers were emphatic in their concerns about the 
potential threats to animal welfare from AMR. They were especially concerned about 
the potential for legislative restrictions around the use of certain antimicrobials in 
animals that they felt might result in animals suffering unnecessarily. This concern for 
animal welfare has been raised elsewhere by other vets and farmers (Buller et al., 
2015; Coyne et al., 2016, 2014; Easton et al., 2016) but is sometimes missing from 
the wider debate around AMR, as so much of the emphasis has been on protecting 
human health. These shared concerns for animal and public health amongst vets and 
farmers in this study manifested in a shared sense of ownership for stewardship in 
livestock farming. Vets and farmers clearly understood their responsibilities for 
prescribing and using antimicrobials in line with stewardship principles and discussed 
examples where they had adopted more responsible prescribing and usage practices. 
Similar understanding of the need for increased antimicrobial stewardship in livestock 
farming has been expressed by other vets and farmers (Buller et al., 2015; Coyne et 
al., 2016; Hardefeldt, Gilkerson, et al., 2018; Redding et al., 2013). 
As well as this shared desire to protect animal welfare and take ownership of 
antimicrobial stewardship, vets and farmers in this study also distanced themselves 
from the problem of AMR and inappropriate prescribing and usage. Future 
discounting was evidenced by both vets and farmers; AMR was recognised as a 
potential, future threat, rather than an immediate threat, with vets and farmers 
prioritising more immediate economic and welfare concerns over increased 
stewardship. Doctors also place the threat of AMR in the future (Krockow et al., 
2019; McCullough et al., 2015). In addition to this temporal distancing, vets and 
farmers also distanced themselves from the threat of AMR, and the need for them to 
engage in more stewardship behaviours, by locating inappropriate prescribing and 
usage with other groups. This other-blaming was evidenced at various levels; vets and 
farmers blamed other individual vets and farmers, they blamed each other’s 
professions (i.e. vets claimed vets were responsible antimicrobial stewards and 
farmers were not, and vice versa), they blamed livestock industries other than their 
own, and they regularly blamed human medicine over veterinary medicine. 
Furthermore, vets and farmers also located the problem of inappropriate prescribing 
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and usage as outside of the UK, by mentioning livestock or medical practices in 
countries such as the USA, India, or China.  
The vets and farmers in this study are not alone in laying the blame for AMR 
outside of their own practice or professional group. For example, in a survey of vets 
working in companion animal, bovine, or equine practice in Australia, although 50% 
of respondents thought veterinary antimicrobial usage contributed moderately to 
AMR, over 60% thought their own usage made only a minimal contribution to AMR 
(Hardefeldt, Gilkerson, et al., 2018). One large survey in Germany found that 
different groups hold differing levels of acceptance that their own behaviour 
influences AMR, with 70% of hospital doctors agreeing that their prescribing can 
drive AMR, compared to 53% of vets and 37% of the general public (S. Schneider et 
al., 2018). Nonetheless, each group also pointed to other groups as the key place to 
aim interventions (S. Schneider et al., 2018). 
Indeed, there is growing evidence of other-blaming for the problem of AMR 
amongst a range of groups, across the different levels identified in this study. Firstly, 
individual prescribers and users lay blame at other members of their own groups. For 
example, companion animal vets highlight the different antimicrobial prescribing 
policies between different clinics and state these can influence their prescribing as 
they believe clients will just go elsewhere (Hopman et al., 2018). Pig vets and pig 
farmers feel they are already using antimicrobials responsibly, but that other pig vets 
and pig farmers are not so responsible (Coyne et al., 2018, 2014; Visschers et al., 
2015, 2014). Secondly, prescribers and users lay blame outside of their own 
immediate group at other groups of prescribers or users. For example, GPs and 
companion animal vets blame human patients and pet owners for expecting 
antimicrobials, whilst human patients and pet owners feel that GPs and vets 
sometimes prescribe antimicrobials unnecessarily (Biezen et al., 2019; Cho et al., 
2004; Coenen et al., 2013; M. Smith et al., 2018). Thirdly, prescribers and users lay 
blame at other superordinate groups, such as other livestock industries or other 
domains of medicine. There are also beliefs amongst farmers that other farming 
systems lead to higher antimicrobial usage; pig farmers running outdoor systems 
believe outdoor systems require lower antimicrobial usage than indoor systems, whilst 
indoor system farmers believe the reverse is true (Coyne et al., 2019), and those in 
favour of organic farming blame modern intensive agriculture for the overuse of 
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antimicrobials (Morris et al., 2016). Farmers from different livestock industries 
believe usage in their own industry is more responsible than in other industries 
(Coyne et al., 2016; Swinkels et al., 2015). Vets, farmers, doctors, and human patients 
often lay the blame for inappropriate prescribing and increasing rates of AMR outside 
of their own domain of medicine (Brooks et al., 2008; Buller et al., 2015; Coyne et 
al., 2014; Hardefeldt, Gilkerson, et al., 2018; Keizer et al., 2019; Morris et al., 2016). 
Finally, prescribers also locate AMR as geographically distant from themselves. 
Evidence from both HICs and LMICs suggests that doctors and vets believe 
prescribing is more responsible and AMR is less of an issue in their own practice or 
institution compared to other settings in the rest of their country or in other countries 
(Charani et al., 2011; Coyne et al., 2016; Labi et al., 2018; McCullough et al., 2015; 
Nicholson et al., 2018).  
4.4.1 Limitations. It is possible that this secondary data analysis of the 
combined vet-and-farmer dataset was unduly influenced by being conducted and led 
by SG, given that SG also conducted and led the primary analyses of the vet dataset 
and farmer dataset. Upon reflection, however, it is felt that this secondary analysis 
was still sufficiently data-led. After completing the primary analyses of the 
independent datasets, it was expected that there would be notable differences in how 
beliefs about AMR and stewardship manifested between the vets and the farmers. 
During the secondary analysis, however, it became apparent that the key differences 
between vets and farmers appeared to relate to the barriers to stewardship that they 
perceived. Aside from these barriers, there was a large amount of similarity and 
overlap in how vets and farmers talked about their prescribing and usage decisions, 
their understanding of the need for stewardship, and their concerns about AMR, 
which was not anticipated at the start of the secondary analysis.  
4.4.2 Implications. The findings from this secondary analysis of qualitative 
interviews with farm vets and farmers identified that members of both professions 
understand the need for increased stewardship in livestock farming and the need for 
vets and farmers to take ownership of antimicrobial prescribing and usage for their 
animals. There are shared anxieties amongst vets and farmers for animal welfare, 
which they perceive as being under threat both from AMR itself and from potential 
future restrictions to antimicrobial usage in animals. Despite this sense of ownership, 
however, vets and farmers in these interviews also expressed other-blaming for the 
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problem of AMR and exhibited a sense of ambivalence towards their responsibilities 
for antimicrobial stewardship. They also located the problem of AMR as both 
happening elsewhere (in other livestock industries or countries) and as being a future, 
rather than current, threat. 
This psychological distancing from the threat of AMR, and from the potential 
role of one’s own behaviour in contributing to AMR, is likely to have implications for 
attempts to increase stewardship in livestock farming. By diminishing the urgency 
and physical closeness of the threat, as well as laying the blame with other groups, the 
motivation to change antimicrobial prescribing and usage behaviours is likely to be 
reduced. The findings from this study suggest two opportunities for intervention; one 
is to make the threat of AMR more salient in terms of time and location, and the other 
is to reduce the propensity for blaming other groups for the problem of AMR.  
Increasing the salience of the threat of AMR could be achieved by drawing on 
case studies that highlight the immediacy and geographical closeness of the threat. As 
an example, (discussed further in Chapter Three, Study Two), anthelmintic resistance 
is already posing a challenge to cattle and sheep farming both in the UK and globally 
(Easton et al., 2018; Glover et al., 2017; Sargison et al., 2007; Sutherland & 
Leathwick, 2011). A more high-profile example relates to fears regarding increases in 
methicillin resistant Staphylococcus aureus (MRSA) in hospitals and in livestock in 
the UK and other European countries, that changed public awareness and the media 
discourse around ‘superbugs’ and arguably helped shift policy and practice to control 
rates of MRSA as a result (Brooks et al., 2008; Crawford, Brown, Nerlich, & 
Koteyko, 2011; Speksnijder, Mevius, et al., 2015). The potential risks to individual 
animal and human patients from the use of antimicrobials in terms of adverse events 
could also be highlighted to help discourage inappropriate prescribing. For example, 
companion animal vets sometimes refrain from prescribing antimicrobials when they 
feel the potential for adverse events outweighs possible benefits to the patient 
(Hopman et al., 2018). 
Reducing other-blaming between groups may also have a positive impact on 
stewardship behaviours of individuals, or at least on their motivation to critique and 
consider changing their behaviour. For example, there is evidence that vets and 
farmers feel stigmatised and blamed for AMR by others (Fynbo & Jensen, 2018; I. 
Johnson et al., 2018), which suggests that more inclusive campaigns such as 
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‘Antibiotic Guardian’ may be more acceptable to vets and farmers (Kesten, 
Bhattacharya, Ashiru-Oredope, Gobin, & Audrey, 2018). Collaborative efforts are 
needed to tackle the threats from AMR and there is emerging evidence that 
collaborations between vets and farmers (Postma et al., 2017; A. Turner et al., 2018; 
van Dijk et al., 2017) and between different specialties across human and veterinary 
medicine (Mölstad et al., 2008; Powell et al., 2017) can drive positive change in 
antimicrobial prescribing and usage. Furthermore, One Health approaches to disease 
surveillance and management may help to overcome the ‘siloed’ approaches to 
education and funding, as well as improve communication between sectors and 
industries (I. Johnson et al., 2018). By emphasising the One Health nature of the 
threat from AMR, and increasing collaboration between different groups, this may 
encourage individuals and groups to shift from blaming others for the problem to 
engaging in joint efforts to find the solution.  
4.4.3 Conclusions and next steps. This secondary qualitative analysis set out 
to explore the commonalities and contrasts in farm vets’ and farmers’ beliefs about 
AMR and antimicrobial stewardship in UK livestock farming. Farm vets and farmers 
share a conflict between their knowledge and ideals about stewardship principles and 
their own everyday prescribing and usage behaviours, although the barriers to 
increased stewardship differ for vets and farmers. As a result of these barriers, vets 
and farmers experience ambivalence towards their responsibilities for AMR and 
stewardship. They understand the need to take responsibility for stewardship, but they 
also engage in other-blaming for the problem of inappropriate prescribing and usage. 
In the remaining empirical chapters of this thesis, two key areas of interest 
identified in the qualitative studies are further explored using quantitative methods 
(cross-sectional surveys and an experimental vignette). Firstly, some of the 
psychological and environmental barriers to prescribing reported by farm vets in 
Study One are explored using an experimental vignette in Study Five (Chapter Six). 
Secondly, the importance of other-blaming is explored in Studies Five and Six 
(Chapters Six and Seven), by measuring farm vets’ and vet students’ beliefs about 
which groups hold more or less responsibility for causing and preventing AMR. 
Before these two larger quantitative studies are presented, however, the next chapter 
(Study Four) reports on a pilot study to develop a clinical vignette for use in Study 
Five. 
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Chapter Five 
Study Four. ‘Ideal’ Versus ‘Real-World’ Prescribing: A Pilot Study to Develop 
A Vignette 
 
The findings from the qualitative studies presented in the previous three 
chapters highlight that whilst vets and farmers have good knowledge about AMR and 
antimicrobial stewardship, they do not always act in line with their stewardship ideals 
due to a range of psychological and environmental factors. Vets and farmers are both 
important stakeholder groups for ensuring responsible antimicrobial usage, but as vets 
have the ability to influence treatment decisions across multiple farms, it is important 
to understand the relative importance of these psychological and environmental 
factors on vets’ prescribing decisions. In Study One, vets reported being prevented 
from acting in line with their stewardship ideals by situational factors on the farm 
(especially economics), farmer variability in personality and ability, and the need for 
successful relationship management with their farmer clients. An experimental 
vignette was therefore used in Study Five to quantitatively explore the effects of 
economics, farmers, and relationships on farm vets’ prescribing; this experimental 
study is reported on in Chapter Six. First, however, the current chapter reports upon a 
pilot study (Study Four) with vets that was conducted to quantitatively assess whether 
vets’ prescribing did indeed vary between ideal and real-world prescribing situations 
and to develop an appropriate clinical scenario for use as a vignette in Study Five. 
 
5.1 Introduction 
Inappropriate antimicrobial prescribing by vets and doctors and inappropriate 
antimicrobial usage by farmers and the public are important drivers of AMR 
(Laxminarayan et al., 2013; WHO, 2015). Vets and doctors, however, have the ability 
to influence multiple treatment decisions across different farms or in different 
patients, so it is important to understand the relative importance of psychological and 
environmental factors on vets’ and doctors’ prescribing decisions. Furthermore, in the 
UK, vets and doctors are important gatekeepers to antimicrobials, as these drugs are 
prescription-only medicines in both human and veterinary medicine; if vets or doctors 
refuse to prescribe, farmers or patients can only access antimicrobials illegally.  
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As outlined in the literature review (Chapter One), it is evident that non-
clinical factors are important influences on the prescribing decisions made by vets and 
doctors, and prescribers do not base their antimicrobial prescribing solely on clinical 
information alone. Therefore, although prescribers appear to understand the need for 
antimicrobial stewardship, there is evidence that vets and doctors do not always 
prescribe in line with stewardship ideals. For example, companion animal vets do not 
always follow prescribing guidelines (van Cleven et al., 2018) and there is evidence 
that GPs prescribe antimicrobials in a much higher proportion of cases than the ‘ideal’ 
level of prescribing indicated by guidelines and expert opinion (Pouwels et al., 2018).  
The qualitative findings from Study One (Chapter Two) highlighted three 
important areas where farm vets felt they faced psychological and environmental (i.e. 
contextual) factors that acted as barriers to consistent responsible prescribing. These 
contextual factors related to the specific situational factors on a given farm, variability 
in farmers’ personalities and abilities, and the need for vets to manage and protect 
their relationships with their farmer clients. Having identified these barriers to ‘ideal’ 
prescribing behaviours, the goal became to explore the potential relative impact of 
these contextual factors in a larger, experimental vignette study (Study Five). 
The purpose of the pilot study reported in this chapter was therefore to identify 
whether vets’ prescribing did in fact differ between ideal and real-world situations, 
and whether certain clinical scenarios were associated with a greater difference 
between the ideal and the real-world, in order to identify a suitable vignette for the 
main experimental study (Study Five). The ideal vignette for the larger experimental 
study would be one that suggested that vets’ prescribing was not just based on clinical 
information alone but was also (assumed to be) influenced by factors experienced in 
their day-to-day practice. In other words, if vets do make their decisions based solely 
on clinical information then their real-world prescribing should not differ from their 
ideal prescribing.  
5.1.1 Vignette methodology. Experimental vignettes enable researchers to 
control for potentially confounding factors and vignettes can be deployed in situations 
where a field-based experiment may be ethically or logistically challenging to conduct 
(Aguinis & Bradley, 2014; Evans et al., 2015). A vignette should have both 
experimental and control aspects; by only manipulating the experimental aspect of a 
vignette, researchers can ensure the vignettes have equivalence in their structure and 
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variation of the text across different experimental conditions (Evans et al., 2015). An 
acknowledged limitation of vignettes is the extent to which participants’ responses 
accurately reflect their actual behaviour if they were to face the same scenario during 
clinical practice (Evans et al., 2015). It has been argued, however, that there is 
evidence to support a correlation between participants’ responses to vignettes and 
their actual behaviour (Evans et al., 2015; Peabody, Luck, Glassman, Dresselhaus, & 
Lee, 2000; Veloski, Tai, Evans, & Nash, 2005). Given this, experimental vignettes 
can potentially strike a balance between achieving sufficient internal validity so as to 
causally test the relationship between independent and dependent variables, whilst 
also maintaining some of the external validity that is more usually associated with 
field-based observational studies (which cannot address causation) (Aguinis & 
Bradley, 2014; Evans et al., 2015).  
Vignettes have been widely used to explore different aspects of human 
medical consultations and decisions, but there seems to be a relative lack of use of 
this methodology in veterinary medicine research. To the best of the author’s 
knowledge, only a handful of published studies in veterinary medicine have made use 
of vignettes (e.g. Doidge et al., 2019; Espetvedt et al., 2013; Mateus et al., 2014; van 
Cleven et al., 2018), with some examples discussed here. One study used vignettes as 
a tool to prompt discussion about antimicrobial treatment decisions in qualitative 
research with companion animal vets practicing in the UK (Mateus et al., 2014). 
Another study in Belgium used vignettes to compare companion animal vets’ 
compliance with antimicrobial prescribing guidelines; compliance varied between 
clinical scenarios and vets often prescribed second-choice treatments as their first-line 
option (van Cleven et al., 2018). A third study used a factorial design to explore the 
effects of psychosocial variables on vets’ prescribing decisions when the farmer 
attended the vet practice to request antibiotics. This study found that the likelihood of 
prescribing antibiotics was influenced by factors such as habit, farmer relationship, 
and prescribing practices of other vets (Doidge et al., 2019).  
Within human medicine, however, vignette methodologies have been more 
widely used. For example, systematic reviews have identified that vignettes have been 
used experimentally to investigate treatment and diagnostic decisions made by 
doctors and nurses across a variety of conditions including cancer, hypertension, and 
various infections (Bachmann et al., 2008; Saposnik et al., 2016). Vignettes have also 
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been used experimentally within human medicine to explore GPs’ decisions about 
first-line treatment recommendations for different conditions (M. Gardner & Ogden, 
2005) and to demonstrate that patients’ beliefs about illness severity appear to differ 
according to the language used by GPs (Tailor & Ogden, 2009; Tayler & Ogden, 
2005). Within the context of AMR, vignettes have been used experimentally to 
explore factors influencing antibiotic prescriptions for children with URTIs (Arnold et 
al., 2005). Vignettes have also been used as discussion tools to investigate GPs’ 
management plans for sore throat and cough (Llor et al., 2017), and hospital doctors’ 
diagnostic and treatment decisions for skin infections, pneumonia, and bacteriuria 
(Livorsi et al., 2016). 
5.1.2 Aims and hypothesis. The first aim of this within-participant pilot study 
was to explore whether vets would report differences in their prescribing when asked 
to consider their own, everyday prescribing in comparison to ‘ideal’ prescribing. The 
second aim of this pilot study was to identify a suitable clinical scenario to be used in 
a larger experimental vignette study that would test the impact of different contextual, 
non-clinical influences on prescribing (see Study Five, Chapter Six). Participants in 
this pilot study were presented with seven vignettes that described clinical scenarios 
commonly faced by farm vets and were asked to report their likely antibiotic 
prescribing behaviour in two situations: an ‘ideal, text-book situation’ and their ‘real-
world, day-to-day experience’. The objective was to identify a scenario that 
demonstrated variance between these two situations; such a scenario would then be 
used in the experimental vignette study. The experimental hypothesis was therefore: 
vets will report greater likelihood of prescribing antibiotics in the ‘real-world’ 
situations compared to the ‘ideal, text-book’ situations.  
 
5.2 Methods 
5.2.1 Design. This pilot study used a paper-based survey to test within-
participant differences in antimicrobial prescribing by farm vets across seven 
hypothetical clinical scenarios in two conditions. Participants were instructed to 
indicate how often they would use antibiotics in two versions of each clinical 
scenario: 1) considering their own, day-to-day experience of prescribing (the ‘real-
world’ situation) and 2) considering clinical information only, in an ideal, text-book 
situation (the ‘ideal’ situation).  
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5.2.2 Participants. Recruitment of a convenience sample of participants took 
place at the British Cattle Veterinary Association Annual Congress in October 2017, 
in Southport, UK. Delegates were approached in-person by two researchers (SG and 
HH) during one afternoon of the congress and asked if they would be willing to 
complete a short pilot survey about prescribing. If they agreed, they were provided 
with the participant information sheet and consent form and the survey questions.  
5.2.3 Measures. 
5.2.3.1 Demographics. Participants were asked to provide their age, ethnicity, 
gender, and the year in which they qualified. They were also asked to state the 
counties in which they regularly worked, as well as the frequency with which they 
worked with various animals. None of these questions were mandatory.  
5.2.3.2 The pilot vignettes. Participants were presented with seven clinical 
scenarios that described cattle needing the attention of a vet; cattle were chosen for 
the vignettes as most farm vets in the UK will spend at least some of their time 
working with cattle. The scenarios were developed through discussion with a farm 
animal vet, and scenarios were chosen to cover a range of clinical cases that would be 
commonly faced by farm vets. There was also expected to be some variation between 
vets across these scenarios, as in all cases selected, antimicrobials could potentially be 
prescribed, but were arguably not necessary. 
For each clinical scenario, participants were asked to respond twice about their 
prescribing; once for the ideal situation and once for the real-world situation. For the 
ideal situation, participants were asked: “Based strictly on clinical grounds, how often 
should you use antibiotics for each of these conditions in an ideal, ‘text-book’ 
scenario?”. For the real-world situation, participants were asked: “Based upon your 
day-to-day experience in clinical practice, how often do you use antibiotics for each 
of these conditions, in the ‘real-world’?”. Participants responded to both questions 
using a Likert scale, from 1 (never) to 5 (always). The text used for the scenarios 
presented to participants is reproduced in Table 5.1. After responding to the scenarios, 
participants were presented with a page for free-text responses with the following 
prompt: “If you have any other comments or thoughts about the questions or your 
answers, please do let us know here”.  
 
 
 180 
Table 5.1 
Clinical Scenarios Presented to Participants 
Scenario Reference Clinical Scenario 
Dairy Cow (Abscess) Dairy cow: well in herself, but melon-sized abscess on flank. 
No abnormalities on clinical exam. Abscess lanced, flushed 
with antiseptic solution, drains well. You advise farmer to 
flush twice daily for 5 days.  
Dairy Cow (Lame) Dairy cow: lame left hind due to white line disease. 
Corrective trim performed and pus drained successfully. 
Dairy Cow 
(Endometritis) 
Dairy cow: well in herself, but has endometritis (grade 2). 
No other abnormalities on clinical exam.  
Dairy Cow (Drying 
Off) 
Dairy cow: needs drying off. Her current somatic cell count 
is 210k. All previous SCC for this lactation have between 
180k and 240k. No case of clinical mastitis this lactation.  
Dairy Cow (IBR Herd) Dairy cow: Bright and alert, but nasal discharge and rectal 
temperature of 39.2°C. No other clinical abnormalities. 
Recent laboratory confirmation of IBR in herd (which was 
previously naïve). 
Dairy Bull Calf (Nasal 
Discharge)  
Dairy bull calf: 3 weeks old. Been through collection centre 
and arrived at rearing unit 2 days ago. Clear bilateral nasal 
discharge, otherwise normal on clinical exam. 
Beef Calf (Castration)  Beef calf: 3 months old. Fit and well. Surgically castrated.  
Note. Some abbreviations were included in the materials presented to participants; the 
text in this table is as presented to participants. 180k = 180,000 somatic cells per 
millilitre. 210k = 210,000 somatic cells per millilitre. 240k = 240,000 somatic cells 
per millilitre. Exam = examination. IBR = Infectious bovine rhinotracheitis. SCC = 
somatic cell count.  
 
5.2.4 Procedure. Individuals who agreed to participate were provided with 
five sheets of paper: the information sheet (which they could keep), the demographics 
questionnaire, the survey instructions, the clinical scenarios questionnaire, and the 
free-text box for comments (see Appendices G, H, and I). It was explained that this 
was a pilot study and participants were asked to state if any of the scenario wording 
was unclear or prompted questions. In order to minimise the chances of social 
desirability bias in participants’ responses (where they might be reluctant to admit 
that their real-world prescribing differed from their ideal prescribing), the following 
instructions were provided to participants before they saw the clinical scenarios:  
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Some vets report that they sometimes make different decisions about antibiotic 
use depending on the situation they find themselves in. We are interested in 
understanding some of these differences in a bit more detail. 
Overleaf are seven common scenarios experienced by vets who regularly 
attend to cattle. Please read each of the below scenarios and think about the 
decision you might make in each scenario.  
I would like you to think about each scenario (in the table overleaf) from two 
different perspectives:  
1) Thinking about the last few months, based upon your own day-to-day 
experience in practice, think about how often you have used antibiotics in 
the ‘real world’ 
2) Based solely on clinical grounds, thinking only about the animal’s 
presentation, think about how often you should use antibiotics in an ideal, 
‘text-book’ scenario 
Don’t worry if your actual practice is different from your ‘ideal’ - this is very 
common! We are really keen to know if there are some situations where vets 
find it easier to stick to their ‘ideal’ use of antibiotics, and other situations 
where vets are more likely to make a ‘pragmatic’ decision. 
Participants were instructed to hand their surveys back to the researchers upon 
completion. The whole process took no more than a few minutes to conduct.  
5.2.4.1 Randomisation. To control for order effects, the order of presentation 
for the seven clinical scenarios was randomised across each printed survey. As 
participants had to respond twice to each scenario, the order of the response columns 
(for ideal and real-world prescribing) was also randomised. Random numbers were 
generated for this exercise using an online random number generator (Urbaniak & 
Plous, 2015).  
5.2.5 Data analysis. Due to the small sample size, Wilcoxon signed-rank tests 
were conducted to compare within-participant responses between ideal and real-world 
prescribing for each clinical scenario.  
5.2.6 Ethics. Participants were advised that taking part was voluntary, and 
they could choose not to participate without providing a reason. Consent was 
presumed upon receipt of a completed survey and participants were provided with 
contact details for the research team. Participants were not recruited from a vulnerable 
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or patient population and were not at significant risk during the study. The study was 
self-assessed by SG for ethical approval, in line with the University of Surrey’s 
ethical review procedures (see Appendix J).  
 
5.3 Results  
Participants were 16 vets (seven women, nine men); they all reported working 
in the UK (England, Wales, and Scotland) and spending at least some of their time 
working with cattle (see Table 5.2). The age range of participants was 26 to 45 years 
old (mean = 34.25, standard deviation = 6.07), and all described themselves as white. 
Participants reported being qualified for between 2 and 19 years (mean = 9.94, 
standard deviation = 5.51). 
 
Table 5.2 
Participants’ Responses to “How Often Do You Look After the Following Animals?” 
 Time Spent Working with Animals (n) 
Species Often Sometimes Rarely Never 
Dairy Cattle 12 1 3 0 
Beef Cattle 8 4 3 1 
Sheep 7 3 3 3 
Goats 0 7 4 5 
Pigs 0 4 6 6 
Poultry (Chickens) 1 1 6 8 
Poultry (Other)*  1 0 4 10 
Other Farm Animals* 0 3 4 7 
Horses 1 2 3 10 
Small Animals 2 2 1 11 
Note. *Total does not equal 16 due to missing responses 
 
5.3.1 Distribution checks. For the majority of scenarios, the outcome 
measure (rates of prescribing) was non-normally distributed for both the ideal and 
real-world situations (see Appendix K). 
5.3.2 Prescribing in ideal versus real-world situations. Across all seven 
clinical scenarios, participants reported using antibiotics more frequently in their day-
to-day practice (real-world) situation than they believed should be prescribed based 
solely on clinical information in an ideal, text-book (ideal) situation (see Table 5.3 
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and Figure 5.1). These differences between the ideal and real-world conditions were 
tested using a series of Wilcoxon signed-rank tests, which were all statistically 
significant; these differences represented medium effects across five scenarios and 
large effects across two scenarios (dairy cow (drying off), r = .52 and dairy cow (IBR 
herd), r = .52). The largest mean difference in prescribing was seen in the dairy cow 
(IBR herd) scenario. The experimental hypotheses were therefore retained: vets did 
report greater use of antibiotics in real-world situations, compared to ideal situations. 
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Figure 5.1. Mean prescribing by condition for all clinical scenarios. 
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Table 5.3 
Mean Prescribing in Ideal and Real-World Situations (n = 16) 
 Situation  
 
    
 Ideal Real-World 
Tests of Difference 
Clinical Scenario 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
Diff. 
T z p r 
Dairy Cow (Abscess) 1.50 (1.10) 1.06, 2.10 2.19 (1.33) 1.69, 2.75 0.69 36.00 2.64 .008 .47 
Dairy Cow (Lame) 1.38 (0.62) 1.19, 1.56 2.06 (1.06) 1.63, 2.50 0.68 21.00 2.23 .026 .39 
Dairy Cow (Endometritis) 2.00 (1.10) 1.50, 2.56 2.67 (1.23)* 2.08, 3.27 0.67 36.00 2.71 .007 .48 
Dairy Cow (Drying Off) 2.50 (1.46) 1.88, 3.13 3.31 (1.30) 2.79, 3.83 0.81 55.00 2.97 .003 .52 
Dairy Cow (IBR Herd) 1.69 (0.60) 1.50, 1.94 2.69 (1.08) 2.13, 3.19 1.00 86.50 2.96 .003 .52 
Dairy Bull Calf (Nasal Discharge)  1.75 (1.18) 1.31, 2.25 2.56 (1.09) 2.13, 3.00 0.81 36.00 2.57 .010 .45 
Beef Calf (Castration)  1.88 (1.36) 1.31, 2.50 2.38 (1.54) 1.81, 2.99 0.50 15.00 2.06 .039 .36 
Note. *Mean based on data from 15 participants. BCa 95% CI = 95% bias-corrected and accelerated bootstrap confidence intervals. Diff. = 
Difference. SD = Standard deviation 
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5.4 Discussion 
 This within-participant pilot study sought to quantitatively assess whether 
farm vets’ self-reported frequency of antibiotic prescribing in real-world situations 
differed from the level of antibiotic prescribing they believed should occur in ideal, 
text-book situations. The results identified farm vets consistently reported prescribing 
more antibiotics when asked to think about their own day-to-day experience of real-
world situations compared to when they were asked to consider only clinical 
information in an ideal, text-book situation. This pattern of higher prescribing in real-
world situations was identified across seven different clinical scenarios involving 
cattle and suggests that farm vets are indeed influenced in their prescribing by 
contextual factors that they experience in their everyday prescribing practice.   
 The second aim of this pilot study was to identify a clinical scenario that could 
be used as part of a vignette study that would experimentally explore the impact of 
different aspects of context on farm vets’ prescribing. The scenario that was selected 
from the seven scenarios presented in this study was Dairy Cow (IBR Herd). This 
scenario was selected for a number of reasons. Firstly, this vignette represents a 
scenario of genuine uncertainty for vets; clinically, the cow in this scenario is likely to 
be suffering from a viral infection (infectious bovine rhinotracheitis, IBR) that she has 
contracted from another animal in the herd, but there is always the possibility that the 
primary causal agent is bacterial or that she might develop a secondary bacterial 
infection. Secondly, this vignette resulted in the largest difference in mean scores 
between the ideal and real-world conditions out of all seven vignettes presented to 
participants, and was represented by a large effect size, r = .52. Furthermore, no 
participant responded that they would always prescribe antibiotics in this scenario in 
the real-world. In contrast, for the only other vignette that demonstrated the same 
large effect size, Dairy Cow (Drying Off), several participants responded often or 
always, which suggested there might be the potential for a ceiling effect with this 
scenario in the experimental study, where subtle differences in the impact of context 
might not be detected.   
5.4.1 Limitations. The most immediate limitation to this pilot study is the 
small sample size. Despite this, the sample appears to have been large enough to 
detect a within-participant effect, and the consistency of the direction of change in 
prescribing across all seven vignettes suggests these findings represent a real effect. A 
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second potential limitation relates to the framing of the instructions and questions put 
to participants. The purpose of the pilot was to encourage participants to think about 
prescribing in two different situations, the real-world and the ideal. In framing the 
instructions in this way, however, it is possible that participants guessed at the 
purpose of the study (i.e. to hopefully identify a difference between ideal and real-
world prescribing). Nonetheless, there is variation in the pattern of responses between 
the seven vignettes (such as different mean scores and different mean differences) 
suggesting that even if there was some level of desirability bias in the responses, 
participants were still considering the clinical information in those vignettes and 
differentiating between the vignettes.   
5.4.2 Implications. Although this was a small pilot study, with only sixteen 
participants, the findings do add to the overall picture of evidence that vets and other 
prescribers are influenced by the various non-clinical factors that they face when 
making their everyday prescribing decisions, and that their everyday patterns of 
prescribing differ from ‘ideal’ prescribing. Similar patterns of deviation from 
guidelines and ideal prescribing have been identified in companion animal vets, 
doctors, and paramedics (Livorsi et al., 2016; Pouwels et al., 2018; Tafa et al., 2017; 
van Cleven et al., 2018). As inappropriate antimicrobial prescribing is at least 
partially driven by psychological and environmental factors, it is vital that there is a 
better understanding of how these contextual factors influence prescribing. It would 
be especially useful to understand which contextual factors have a greater or lesser 
influence on prescribing decisions, as interventions can then be directed towards those 
modifiable factors that are demonstrated to have the most important influence on rates 
of inappropriate prescribing.  
5.4.3 Conclusions and next steps. This pilot study set out to assess whether 
farm vets’ antibiotic prescribing differed between ideal, text-book situations and real-
world situations, and to identify a clinical scenario for use in a larger experimental 
vignette study. In all seven scenarios presented in this pilot study, farm vets reported 
higher levels of antibiotic prescribing in the real-world situations than in the ideal 
situations. Farm vets are therefore aware their everyday prescribing is not in line with 
their prescribing ideals. One vignette was selected for use in the larger experimental 
vignette study that explored the impact of context on farm vets’ antimicrobial 
prescribing; details of this study are reported in the next chapter 
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Chapter Six 
Study Five. Testing the Effect of Context, Beliefs, and Values on Antimicrobial 
Prescribing: A Randomised Experimental Vignette and Cross-Sectional Survey 
 
The previous chapter reported on a pilot vignette study (Study Four) that was 
conducted as a pre-curser to a larger vignette study (Study Five). This chapter reports 
on that larger experimental vignette study, which also included a cross-sectional 
survey, that was conducted online with farm vets from across the UK. The study 
reported in this chapter was developed based on findings from earlier empirical work 
conducted as part of this thesis. First, the vignette used in this current study was 
identified as an appropriate clinical scenario from the pilot study (Study Four) 
reported in the previous chapter. Second, the experimental versions of the vignette 
represent different psychological and environmental (contextual) barriers to consistent 
responsible prescribing identified by farm vets in qualitative interviews (Study One). 
Third, the cross-sectional survey measured farm vets’ beliefs about their own and 
others’ responsibility for causing and preventing AMR, drawing on the other-blaming 
identified in the secondary qualitative analysis (Study Three). Finally, the cross-
sectional survey also measured vets’ values, drawing on insights from environmental 
psychology about factors associated with pro-environmental behaviours. 
   
6.1 Introduction 
Inappropriate prescribing by vets and doctors is influenced by a range of 
different psychological and environmental factors but it is not clear from the literature 
review which factors have the greatest influence on prescribing, as much of the 
evidence is based on qualitative studies and cross-sectional surveys. What is clear is 
that prescribing takes place in a complex and dynamic context.  
It is possible to experimentally explore the effects of different factors on 
prescribing using a vignette methodology. For example, one recent study used 
vignettes in a factorial design to explore the effects of different factors on vets’ 
prescribing decisions when they had not conducted a clinical examination, as the 
farmer had called into a veterinary practice to request antibiotics (Doidge et al., 
2019). This study identified a number of factors that were associated with either an 
increased or decreased likelihood of prescribing antibiotics by farm vets. For 
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example, vets were more likely to prescribe if other vets in the practice had previously 
prescribed for that farmer without a consultation, but were less likely to prescribe if 
they were not confident in the farmer’s judgement of disease (Doidge et al., 2019). 
Vignette studies are not without their limitations, but they do enable researchers to 
explore potentially influential factors in situations where a field-based experiment 
may be challenging to conduct (Aguinis & Bradley, 2014; Evans et al., 2015). Please 
refer to Chapter Five for a detailed consideration of vignette methodology.  
 The vignette study reported in this chapter sought to draw together three key 
findings from the qualitative research presented so far in this thesis, to assess what 
these findings might mean in terms of farm vets’ antimicrobial stewardship. These 
three findings are that 1) context (psychological and environmental factors) influences 
vets’ prescribing decisions, 2) vets locate the problem of AMR as outside of their own 
practice and engage in other-blaming for AMR, and 3) vets express a sense of 
ambivalence towards their responsibilities for stewardship. This study also sought to 
assess whether vets’ values have any influence on their stewardship behaviours. How 
these findings have informed the current study will now be discussed, along with a 
consideration of the relevance of values for this study. 
6.1.1 Context. The context within which vets and other prescribers make their 
prescribing decisions is a key influence on these decisions. As is clear from the 
literature review, antimicrobial prescribing decisions and the contexts within which 
decisions are made are highly complex, with a myriad of interacting factors. This 
study was designed to further understand the relative importance of some of those 
contextual factors. As was discussed in Study One (Chapter Two), farm vets felt they 
were prevented from always practicing ‘ideal’ antimicrobial prescribing due to three 
key contextual factors: situational factors on the farm (especially economics), farmer 
variability in personality and ability, and concerns for relationship management with 
their farmer clients. These factors were operationalised in vignettes for this study to 
quantitatively explore which of these different elements of context (if any) had the 
greatest influence on vets’ likelihood of prescribing antimicrobials. Much of the 
previous vignette research in the context of AMR, has used vignettes to assess the 
appropriateness of antimicrobial prescribing in different clinical situations (Livorsi et 
al., 2016; Llor et al., 2017; Mateus et al., 2014; van Cleven et al., 2018), rather than 
experimentally assess non-clinical or contextual aspects of the consultation scenario. 
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6.1.2 Beliefs. The qualitative research conducted with vets and farmers also 
identified the phenomenon of other-blaming for the problem of AMR, which may 
have contributed to the sense of ambivalence towards stewardship expressed by vets 
and farmers in Study Three (Chapter Four). Vets and farmers attributed responsibility 
for both causing and preventing AMR across a number of different groups, including 
other vets and farmers, doctors, and the public. This current study therefore also 
sought to measure farm vets’ beliefs about the level of responsibility that they, and 
other groups, have for both causing and preventing AMR. This was for two reasons; 
first, to assess whether such other-blaming would be evidenced again in a larger 
sample, using a different methodological approach, and second, as a way of 
attempting to quantify this other-blaming. Furthermore, given that those who engage 
in other-blaming may have reduced motivation to change their own behaviour, as they 
do not perceive their own behaviour to be a contributing factor to the problem of 
AMR, this study also sought to assess whether these beliefs about responsibility 
would be associated with vets’ likelihood of prescribing antimicrobials.  
6.1.3 Values. As was discussed in the literature review (Chapter One), the 
inappropriate use of antimicrobials can be considered a classic tragedy of the 
commons problem (Hardin, 1968; Tonkin-Crine et al., 2015). In this respect, AMR 
has been likened to another global challenge, that of climate change (American 
Psychological Association, 2009; Tonkin-Crine et al., 2015). Successfully tackling 
climate change and AMR both require individuals to act in a way that will likely 
result in an immediate cost to them, with the benefits being realised by societies and 
individuals in different parts of the world, by the planet’s ecosystem, and by future 
generations (American Psychological Association, 2009). Due to this similarity in 
these challenges, insights from environmental psychology related to environmental 
behaviours have been considered for this study. 
Environmental behaviours have been defined as “all types of behaviour that 
change the availability of materials or energy from the environment or alter the 
structure and dynamics of ecosystems or the biosphere” (Steg & Vlek, 2009, p. 309). 
The use of antimicrobials can therefore be conceptualised as an environmental 
behaviour, as the microbial environment has undoubtedly been influenced by human 
use of antimicrobials (Laxminarayan et al., 2013; Lübbert et al., 2017; Wallinga et al., 
2015). Pro-environmental behaviours are those that minimise harm to, or benefit, the 
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environment (Steg & Vlek, 2009), hence the conceptualisation of antimicrobial 
stewardship as a pro-environmental behaviour within this thesis.  
Research has demonstrated that four values (egoistic, hedonistic, altruistic, 
and biospheric) have been consistently associated with environmental beliefs, 
intentions, and behaviours (de Groot & Steg, 2007, 2008; Gatersleben et al., 2014; 
Steg & de Groot, 2012; Steg, Perlaviciute, et al., 2014; Thøgersen & Ölander, 2002). 
Values are described as guiding principles for peoples’ lives (Schwartz, 1992) and 
whilst most people will endorse most values, they will generally differ in how they 
prioritise different values as being more or less important to them (Feather, 1995; 
Steg, Bolderdijk, et al., 2014; Steg & de Groot, 2012). People who endorse pro-self 
values (egoistic and hedonistic) more than they endorse pro-social values (altruistic 
and biospheric), are less likely to engage in pro-environmental behaviours, such as 
recycling, energy reduction, or lower car use (Gatersleben et al., 2014; Steg, 
Perlaviciute, et al., 2014; Thøgersen & Ölander, 2002).  
When people experience a situation in which their different values conflict, 
they are likely to act in accordance with the more salient value, which is usually the 
value that is more strongly endorsed (Steg & de Groot, 2012). It was therefore 
reasoned that differences in values between vets might partially explain some of the 
ambivalence towards stewardship that was identified in Study Three. For example, if 
vets perceive AMR to be a threat to the collective health of others, then those vets 
who more strongly endorse altruistic values, and are more concerned with acting for 
the benefit of others than themselves, might exhibit more stewardship behaviours, 
especially in ambiguous clinical situations. Equally, if vets perceive AMR to be an 
environmental threat, then those vets who more strongly endorse biospheric values 
might exhibit more stewardship behaviours. In contrast, vets who more strongly 
endorse hedonic or egoistic values might choose to resolve challenging consultations 
by prescribing antimicrobials, and therefore exhibit fewer stewardship behaviours. 
This study therefore sought to measure vets’ values and assess whether they were 
associated with their likelihood of prescribing antimicrobials.  
6.1.4 Aims and hypotheses. To summarise, three key findings were identified 
during qualitative interviews with vets (Studies One and Three). Firstly, vets report 
being influenced in their prescribing decisions by contextual factors. Secondly, vets 
hold differing beliefs about who is responsible for causing and preventing AMR and 
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engage in other-blaming for AMR. Thirdly, vets exhibit ambivalence towards tackling 
this issue which may further influence their prescribing decisions and stewardship 
behaviours. Finally, vets’ values may be associated with their prescribing. 
The primary aim of the study was therefore to use an experimental vignette to 
explore whether farm animal vets’ antibiotic prescribing decisions were influenced by 
context. Secondary aims were to explore whether vets held different beliefs about 
how responsible different groups were for causing and preventing AMR and whether 
vets’ prescribing was also influenced by 1) their beliefs about who has a responsibility 
for causing AMR, 2) their beliefs about who has a responsibility for preventing AMR, 
and 3) their values. The experimental hypotheses were:  
6.1.1.1 Vignette condition (context). The primary hypotheses predicted that 
vets’ prescribing would be influenced by the context of the decision.  
• Hypothesis 1a. Vets provided with contextual information will be more likely 
to prescribe antibiotics, compared to the control condition (where only clinical 
information is provided).  
• Hypothesis 1b. The likelihood of prescribing antibiotics will also differ 
between the three different contextual (experimental) conditions. The four 
vignette conditions were control (clinical information only), economics (farm 
under financial pressure), farmer (farmer under work pressure), and 
relationship (vet-client relationship under pressure). 
6.1.1.2 Beliefs about responsibility for causing and preventing AMR. 
Secondary hypotheses predicted that vets would believe different groups had different 
levels of responsibility for causing and preventing AMR, and that these beliefs would 
be related to their prescribing.  
• Hypothesis 2a. There will be a difference in the level of responsibility that 
vets believe different groups have for causing AMR.  
• Hypothesis 2b. There will be a difference in the level of responsibility that 
vets believe different groups have for preventing AMR.  
• Hypothesis 2c. Vets’ beliefs about which groups have responsibility for 
causing AMR will be associated with vets’ antibiotic prescribing. 
• Hypothesis 2d. Vets’ beliefs about which groups have responsibility for 
preventing AMR will be associated with vets’ antibiotic prescribing. 
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6.1.1.3 Values. Additional secondary hypotheses predicted that vets’ 
prescribing would also be associated with the values they more strongly endorsed.  
• Hypothesis 3a. Vets who are more hedonic will be more likely to prescribe 
antibiotics. 
• Hypothesis 3b. Vets who are more egoistic will be more likely to prescribe 
antibiotics. 
• Hypothesis 3c. Vets who are more altruistic will be less likely to prescribe 
antibiotics. 
• Hypothesis 3d. Vets who are more biospheric will be less likely to prescribe 
antibiotics. 
 
6.2 Methods 
6.2.1 Design. This between-participant online experimental study used 
vignettes to investigate the influence of different contextual information on farm vets’ 
likelihood of prescribing antimicrobials. Participants were randomly presented with 
one of four vignettes: the control condition provided only clinical information about a 
dairy cow’s presentation, the economics condition suggested the farm was under 
financial pressure, the farmer condition suggested the farmer was experiencing 
pressure at work, and the relationship condition suggested the vet-client relationship 
was under pressure from a previous negative interaction. Additionally, this study also 
collected cross-sectional data about farm vets’ values, and about their beliefs about 
which groups have responsibility for causing AMR and which groups have 
responsibility for preventing AMR; these measures were taken as additional potential 
predictors of prescribing. There was no follow-up element to the study.  
6.2.2 Participants. Participants were farm animal vets from across the UK 
who were recruited opportunistically by advertising the online study on Twitter, in the 
British Cattle Veterinary Association’s member e-newsletter, via email to members of 
the Sheep Veterinary Society, via email to veterinary practices with farm vets, 
through snowball sampling, and through the researchers’ professional veterinary and 
farming networks. All recruitment activity made use of the same pdf advert (see 
Appendix L) and recruitment ran from January to June 2018. Inclusion criteria were 
that participants spent at least some of their working week in clinical veterinary 
practice with livestock animals of any species. There was no upper age limit and no 
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restrictions to participation on the basis of gender, ethnicity, or other demographic 
variable. Participants who completed the study were given the opportunity to enter 
into a draw to win one of two £25 shopping vouchers.  
6.2.2.1 Power calculation. A pilot study (see Chapter Five) explored whether 
vets’ self-reported prescribing behaviour differed between two conditions: 1) when 
they were asked to think about clinical information only in ‘ideal, text-book’ 
situations and 2) when they were asked to consider their own experience of 
prescribing in ‘real-world’ situations. This study found that across all clinical 
scenarios presented, vets were more likely to prescribe antibiotics in the ‘real-world’ 
situations compared to the ‘ideal’ situations (Chapter Five). Based on the pilot study, 
it was estimated that a medium effect size (r = 0.3, partial h2 = .09) could be 
reasonably expected in this vignette study; effect sizes in the pilot study ranged from r 
= .36 to r = .52. A power calculation conducted using G*Power (Faul, Erdfelder, 
Lang, & Buchner, 2007) indicated a minimum sample size of 116 participants would 
be needed to detect an effect size of r = .3 using an ANOVA to test the effect of 
vignette condition. To test the effects of additional variables using multiple regression 
models, 192 participants would be sufficient to detect an effect of this size using a 
regression model with 13 predictors. There are various other rules of thumb used to 
guide sample size for regression models; a minimum of 10 participants per predictor 
is considered an absolute minimum, but 30 participants per predictor will offer better 
power (van Voorhis & Morgan, 2007). Therefore, the study aimed to recruit between 
116 and 192 participants.  
6.2.3 Experimental materials and measures. 
6.2.3.1 The vignette. Participants were randomly assigned to read one of four 
versions of a hypothetical clinical scenario about a dairy cow who was displaying 
ambiguous clinical signs, but where the likely ‘correct’ diagnosis was infectious 
bovine rhinotracheitis (IBR). IBR is a viral infection for which prescribing antibiotics 
would usually be considered inappropriate. This scenario came from a pilot study (see 
Chapter Five) and was selected as it had resulted in the greatest mean difference in 
prescribing between the ‘ideal’ and ‘real-world’ conditions.  
The scenario was amended slightly from the pilot study to remove potential 
ambiguity in the vignette that could have affected vets’ decision-making. It was made 
clear that the cow was not currently giving milk (she was “dry”), as when a cow is 
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giving milk there is an economic argument not to prescribe antibiotics to avoid a milk 
withdrawal period (during which an antibiotic-treated cow’s milk cannot be sold). 
The final version of the vignette was piloted again, with feedback sought from four 
farm vets and seven psychologists.  
The control version of the vignette contained only clinical information about 
the cow; this same clinical information was also presented in the other three 
conditions. The three experimental vignettes contained additional pieces of text that 
provided contextual information; this information was designed to describe a 
challenging context that vets have reported they can experience in everyday clinical 
practice (see Study one, Chapter Two). The experimental conditions were: a 
challenging economic context (farm business under financial pressure; referred to 
hereafter as the ‘economics’ condition), a challenging farmer context (farmer 
themselves under pressure at work; the ‘farmer’ condition), and a challenging 
relationship context (vet-farmer relationship under pressure; the ‘relationship’ 
condition). 
All participants were instructed to “Please read the following paragraph and 
think about the possible treatment options you might recommend in this scenario”. 
The vignette read as follows:  
[Control]: Imagine you have been called to a dairy farm to examine a sick dry 
cow. She is bright and alert, but has nasal discharge and a rectal temperature 
of 39.2°C. You find no other clinical abnormalities. You are aware that there 
has been a recent laboratory confirmation of IBR (infectious bovine 
rhinotracheitis) in the herd, which was previously naive to IBR.  
The experimental vignettes contained the following additional text, presented at the 
end of the clinical information: 
[Economics]: You are familiar with this farm business and know that it has 
been having real financial difficulties for quite some time now.  
[Farmer]: You know this farmer is well trained and usually diligent, but he 
says his herdsman who usually manages the cows day-to-day has recently 
resigned and has yet to be replaced. It is obvious that the farmer is run off his 
feet and keeping an eye on this cow is likely to be a low priority for him right 
now. 
[Relationship]: You have known this farmer for a while and the last time you 
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visited him it was quite tense, and he wasn’t happy with some of your 
decisions. As you are examining the cow, you hear the farmer grumbling.  
See Appendix M for an example of the vignette and outcome measure as presented to 
participants. For a detailed discussion of the strengths and limitations of vignette 
methodology and the justification for using this methodology, see Chapter Five. 
6.2.3.2 Outcome measure: antibiotic prescribing behaviour. The outcome 
measure was how likely participants would be to prescribe systemic antibiotics in 
each condition. After reading the vignette, participants were presented with the 
following instructions:  
Below are some common treatment options that vets might recommend in this 
scenario. Thinking about your own day-to-day practice, please indicate to 
what extent you would be likely to recommend each of the following options in 
the above scenario.  
Participants then indicated for seven treatment options how likely they would be to 
recommend each option, using a Likert scale from 1 (very unlikely) to 5 (very likely). 
The treatment options were i) systemic antibiotics, ii) cortico-steroids, iii) isolation 
from other animals, iv) provide highly palatable diet, v) no treatment, vi) non-
steroidal anti-inflammatories, and vii) other. The order in which the treatment options 
were presented in the list was randomised to control for any order effects.  
Participants were then presented with two free text boxes and asked to respond 
to two statements: “Please briefly provide further details about any specific drug 
treatments you have recommended (e.g. dose, type, duration), or if you chose ‘other’ 
please elaborate” and “Please briefly describe your reasons for this course of action”.  
6.2.4 Cross-sectional measures.  
6.2.4.1 Demographics. Participants were asked to provide their age, gender, 
and ethnicity, as well as provide information about their veterinary experience (the 
year they qualified, whether they had postgraduate qualifications, how regularly they 
worked with certain animals, their job title, and their primary region of work). The 
questionnaires are reproduced in Appendix N. 
6.2.4.2 Values. Values were measured using the value orientation scale (see 
Appendix O), which has been extensively used in environmental psychology and has 
been validated across different countries (de Groot & Steg, 2007, 2008; Steg, 
Perlaviciute, et al., 2014). There are 16 items, comprising four sub-scales (hedonic, 
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egoistic, altruistic and biospheric). Participants are asked to “Please rate how 
important each value is for you as a guiding principle in your life” and to respond on a 
scale of -1 (opposed to my values) to 7 (of supreme importance), to indicate to what 
extent they endorse certain values (e.g. equality, wealth, preventing pollution, 
pleasure). For the data analysis, responses to these subscales were recoded as ranging 
from 1 to 9.  
6.2.4.3 Beliefs: responsibility for causing AMR and responsibility for 
preventing AMR. Beliefs about which groups of stakeholders have responsibility for 
causing AMR and responsibility for preventing AMR were measured using two 24-
item scales that were developed for this study (see Appendix P). These scales were 
developed based on previous interviews with farm vets (Study One, Chapter Two), 
which identified six key stakeholder groups that vets felt had responsibility for both 
causing and preventing AMR. Those six groups were farm animal vets, farmers, 
companion animal vets, pet owners, human healthcare professionals, and the 
public/patients. Each of the two scales comprised six subscales, with four items about 
each of the six groups. For both scales, participants were asked “to what extent do you 
think each of the following contributes to causing/preventing antimicrobial 
resistance?”. Participants responded on a scale of 1 (contributes not at all) to 5 
(contributes very much). Both scales were piloted to check for clarity and meanings of 
items with the same vets and psychologists who piloted the vignette.  
The responsibility for causing AMR scale measured the extent to which 
participants think the behaviour of different groups (including themselves) contributes 
to increasing rates of AMR. Statements presented for each group included a mix of 
statements about antibiotic use and about biosecurity and IPC practices. Example 
items that participants were asked to rate are: “The number of antibiotic prescriptions 
that GPs write”, “Levels of compliance with infection control protocols in companion 
animal veterinary practices”, and “Farmers using antibiotics to compensate for issues 
with husbandry”.  
The responsibility for preventing AMR scale measured the extent to which 
participants think all groups are equally responsible for preventing AMR. Statements 
are focused on what members of each group could do differently to help reduce 
selective pressure for AMR. Example items that participants were asked to rate are: 
“Members of the public taking antibiotics as instructed by their doctors”, “Pet owners 
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accepting that their animals don’t always need antibiotics”, and “Farm animal vets 
adopting antibiotic stewardship policies”.  
6.2.4.4 Reliability. Cronbach’s alphas (a) were calculated for all measures and 
are reported in Table 6.1. For the values measures, internal consistency was 
acceptable for all subscales. For the responsibility for causing AMR and 
responsibility for preventing AMR measures, five subscales did not have acceptable 
internal consistency; from each of these subscales, one item was removed to improve 
internal consistency. Following this, two subscales (the public/patient subscales in 
both the causing and preventing AMR scales) still did not quite meet the threshold for 
acceptable internal consistency of 0.6 for the early stages of research (Streiner, 2003) 
but were included in the final analysis. New variables were created for each values 
and beliefs subscale, whereby the total score was divided by the number of items, so 
that mean scores could be comparable across the different values or beliefs subscales. 
 
Table 6.1 
Reliability Statistics for Values and Beliefs Measures 
Measure Cronbach’s a 
Values  
Hedonic .79 
Egoistic .66 
Altruistic .75 
Biospheric .88 
Responsibility for Causing AMR  
Human Medics .70 
Public/Patients .56* 
Companion Animal Vets .83 
Pet Owners .68* 
Farm Animal Vets .73 
Farmers .78 
Responsibility for Preventing AMR  
Human Medics .65* 
Public/Patients .57* 
Companion Animal Vets .82 
Pet Owners .74* 
Farm Animal Vets .73 
Farmers .81 
Note. *Updated value of a after one item removed from subscale.  
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6.2.5 Procedure. All study materials were presented online using Qualtrics. 
Participants were first presented with the participant information sheet and consent 
form; they were then asked to indicate how often they worked with different animals. 
Next, participants saw one of four versions of the experimental vignette, and were 
then asked to indicate which treatment recommendations they would be likely to 
make if they faced this scenario in real life. Following this, participants were asked to 
complete three scales to measure their values, their beliefs about which groups are 
responsible for causing AMR, and their beliefs about which groups are responsible for 
preventing AMR. Following these scales, participants were asked to provide brief 
demographic details. Finally, participants saw a debrief screen and were asked to 
provide an email address if they wished to be entered into the shopping voucher prize 
draw (see Appendix Q).  
For transparency, it should be noted that minor changes were made to the 
information sheet, consent form, and demographics questionnaire (which was initially 
presented immediately after the consent form and before the vignette) around two 
weeks after the study was launched. The initial drop-out rate was around 50%; 
participants were either not progressing beyond the consent form or were only 
completing some of the demographics information. Three key changes were made: 
the information sheet was edited to make it as succinct as possible, the consent form 
was altered so participants only had to agree to one global statement at the end of the 
form (instead of agree to a list of statements, plus the global statement), and the 
demographic questionnaire was moved to the end of the study. After these changes 
were implemented the drop-out rate reduced.    
6.2.5.1 Allocation and randomisation. All randomisation was performed 
using the Qualtrics software. Participants were randomly allocated to the control and 
experimental vignette conditions; randomisation was not stratified or performed in 
blocks. As the design was between-subjects, allocation to condition was not revealed 
to participants; however, allocation to condition was not blinded to the experimenter 
during data analysis. To control for order effects, the order of treatment options 
presented after the vignette was randomised, as was the order of presentation for all 
scale items within each scale. Additionally, the order of presentation of the 
responsibility for causing AMR and responsibility for preventing AMR scales was 
also randomised, to control for any potential contamination between the two scales.  
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6.2.6 Data analysis. Missing data was not imputed; cases with missing data 
were excluded pairwise in all analyses (except the hierarchical multiple regressions, 
where they were excluded listwise). The ‘forced entry’ option was used in Qualtrics 
for all items in the main measures, meaning that missing data only occurred when 
participants declined to continue the survey; there were no missing data for individual 
items on completed measures. Data analysis was conducted using IBM SPSS 
Statistics version 24.  
Baseline checks of group differences (to check randomisation to conditions) 
were performed using Pearson’s chi-square test and Fisher’s exact test for categorical 
variables and one-way independent ANOVAs and Kruskal-Wallis tests for continuous 
variables. The impact of context (vignette condition) on the likelihood of antibiotic 
prescribing was tested using a one-way independent ANOVA. Differences in beliefs 
about different groups’ responsibility for causing or preventing AMR were tested 
using Friedman’s ANOVAs, followed by pairwise comparisons. The impact of 
demographics, beliefs, and values on prescribing were tested using bootstrapped 
hierarchical multiple regressions. All regressions were conducted using the ‘Enter’ 
method and dummy variables were created for categorical variables. 
6.2.7 Ethics. A favourable ethical opinion for the study was granted by the 
University of Surrey’s Ethics Committee (Reference: UEC/2017/105/FHMS, see 
Appendix R). Participants were provided with an information sheet and written 
informed consent was provided by participants before commencing the study (see 
Appendices S and T). Participation was voluntary and participants could withdraw at 
any point until they completed the survey; as data collected was anonymous, there 
was no mechanism for identifying and removing responses from individual 
participants. To enter the optional prize draw, participants provided an email address 
after they completed the survey; email data was stored separately from the study data. 
The study was not pre-registered but has been reported in line with guidelines for 
experimental and cross-sectional studies: the CONSORT (Consolidated Standards of 
Reporting Trials) checklist (Schulz, Altman, & Moher, 2010) and the STROBE (The 
Strengthening the Reporting of Observational Studies in Epidemiology Statement) 
checklist (von Elm et al., 2007).  
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6.3 Results 
Participants were 97 farm animal vets from across the UK. Gender was 
disclosed by 91 participants, of whom 46 were female and 45 were male. The age of 
80 participants ranged from 23 to 69 years (mdn = 33, IQR = 12); 17 participants 
declined to provide their age. The year in which they qualified was reported by 92 
participants; these participants had been qualified for between 1 and 44 years (mdn = 
10, IQR = 13). Ethnicity was provided by 91 participants who all described 
themselves as white; six participants declined to provide their ethnicity. See Table 6.2 
for details of gender, ethnicity, and postgraduate qualifications, and Figure 6.1 for 
details of the regions of the UK where participants worked. Participants were also 
asked how often they worked with a range of animals; the majority reported that they 
often work with cattle and sheep, but less often with other species. Full results for 
these responses are presented in Table 6.3 and Figure 6.2.  
 
Table 6.2 
Demographic Details for All Vignette Participants 
Characteristic 
Individuals in 
Sample (n = 97) 
Percentage of 
Sample 
Gender*   
Female 46 46.39 
Male 45 47.42 
Other 0 0.00 
Prefer Not to Say 1 1.03 
Declined to Answer 5 5.15 
Ethnicity*   
White 91 93.81 
Black 0 0.00 
Asian 0 0.00 
Mixed 0 0.00 
Other 0 0.00 
Prefer Not to Say 1 1.03 
Declined to Answer 5 5.15 
Holds Postgraduate Veterinary Qualifications   
Yes 26 26.80 
No 65 67.01 
Declined to Answer 6 6.19 
Note. *Percentages do not exactly total 100% due to rounding. 
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Figure 6.1. Participants’ primary region of work. NE = North East. NW = North 
West. SE = South East. SW = South West. 
 
Table 6.3 
Participants’ Responses to “How Often Do You Look After the Following Animals?” 
 Time Spent Working with Animals (n) 
Species Often Sometimes Rarely Never 
Dairy Cattle 77 11 6 3 
Beef Cattle 75 17 3 2 
Sheep 67 19 6 5 
Goats 17 44 25 11 
Pigs 2 20 54 21 
Poultry (Chickens) 2 17 53 25 
Poultry (Other) 2 14 49 32 
Other Farm Animals 8 21 52 16 
Horses 6 11 21 59 
Small Animals 10 8 27 52 
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Figure 6.2. Participants’ responses to “How often do you look after the following 
animals?” 
 
The survey link was accessed by 132 participants; 17 participants did not 
progress beyond the information sheet and consent form, and 18 participants 
completed demographic information only, leaving 97 participants who completed at 
least the vignette (see Figure 6.3 for participant randomisation to conditions and 
numbers completing subsequent measures). The values scales were completed by 92 
participants, the responsibility for causing AMR scales were completed by 89 
participants, and the responsibility for preventing AMR scales were completed by 88 
participants. The target sample size was not reached within the planned six-month 
recruitment period, but recruitment ceased at the end of this period as all feasible 
avenues of recruitment had been exhausted during this time. Of the 88 participants 
who completed the study in one session, the mean time to complete the study was 15 
minutes. 
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Figure 6.3. CONSORT diagram showing flow of participants through study.  
 
6.3.1 Distribution and baseline checks. Cell frequencies were examined for 
categorical demographic variables; the only variable that met requirements for 
minimum expected cell counts was whether or not participants held postgraduate 
veterinary qualifications. Therefore, baseline differences for this variable were 
assessed using Pearson’s chi-square test, but for all other categorical variables 
(gender, ethnicity, and region) baseline differences were assessed using Fisher’s exact 
test. There were no significant differences between conditions at baseline on any 
categorical variable (see Table 6.4 for details).  
The following continuous variables were normally distributed across the four 
conditions of the vignette: how often participants reported working with goats, pigs, 
and chickens, the four values subscales, and the twelve beliefs subscales. Details of 
normality checks for continuous demographic details, values, and beliefs are reported 
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in Appendix U. Baseline differences between groups on these 19 variables were 
assessed using one-way independent ANOVAs. All other continuous variables were 
not normally distributed and baseline differences were assessed using the Kruskal-
Wallis test. No significant differences between any of the continuous variables were 
identified at baseline; results are reported in Table 6.5 along with descriptive statistics 
by condition. These results suggest the randomisation to conditions was successful.  
To check that demographic variables did not influence prescribing, a series of 
bootstrapped hierarchical multiple regressions were conducted. For these six 
regressions, vignette condition was entered in block one and the demographic variable 
of interest was entered in block two (variables included in block two were: age, 
gender, years qualified, postgraduate qualifications, animals commonly worked with, 
or primary region of work). All models were non-significant, suggesting prescribing 
was not associated with any of these six demographic variables. See Table 6.6 for 
summary model statistics. See Appendix V for full details of each model. 
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Table 6.4 
Categorical Demographic Variables by Condition and Significance Checks for Baseline Differences  
 
Number of Participants per Condition (Percentage of 
Sample who Provided Response) 
 
Test of difference 
Measure 
Control  
(n = 22) 
Economics 
(n = 26) 
Farmer  
(n = 24) 
Relationship 
(n = 25) 
 Pearson’s χ2 
(df) 
Fisher’s 
Exact Test p 
Gender (n = 92)       4.99 .55 
Female 9 (19.6) 12 (26.1) 14 (30.4) 11 (23.9)     
Male 13 (28.9) 10 (22.2) 9 (20.0) 13 (28.9)     
Other 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Prefer Not to Say 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)     
Ethnicity (n = 92)       2.99 .24 
White* 21 (23.1) 23 (25.3) 23 (25.3) 24 (26.4)     
Black 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Asian 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Mixed 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Other 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Prefer Not to Say 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Holds Postgraduate Veterinary 
Qualifications (n = 91)*     
 
1.21 (3)  .76 
Yes 8 (30.8) 5 (19.2) 7 (26.9) 6 (23.1)     
No 14 (21.5) 17 (26.2) 16 (24.6) 18 (27.7)     
 207 
Primary Region of Work (n = 
92)     
 
 30.74 .28 
Northern Ireland 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0)     
Scotland 0 (0.0) 3 (60.0) 0 (0.0) 2 (40.0)     
Wales 1 (20.0) 0 (0.0) 2 (40.0) 2 (40.0)     
North East England / 
Yorkshire & Humber* 3 (42.9) 1 (14.3) 2 (28.6) 1 (14.3) 
 
   
North West England* 4 (21.1) 6 (31.6) 3 (15.8) 6 (31.6)     
Midlands (East/West)* 1 (16.7) 1 (16.7) 4 (66.7) 0 (0.0)     
East of England 1 (25.0) 0 (0.0) 1 (25.0) 2 (50.0)     
South East England* 4 (44.4) 3 (33.3) 1 (11.1) 1 (11.1)     
South West England 5 (19.2) 4 (15.4) 9 (34.6) 8 (30.8)     
Other 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)     
Multiple 2 (22.2) 5 (55.6) 1 (11.1) 1 (11.1)     
Note. *Percentages do not exactly total 100% due to rounding. df = degrees of freedom.  
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Table 6.5 
Continuous Demographic Variables, Values, and Beliefs by Condition and Significance Checks for Baseline Differences  
 Condition   
 
Control 
(n = 22) 
Economics 
(n = 26) 
Farmer 
(n = 24) 
Relationship 
(n = 25)  Test of difference 
Measure 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI  
ANOVA 
F-ratio (df) 
Kruskal-
Wallis 
H (df) p 
Age* (n = 80) 
30.50 
(16.00)  
31.50 
(8.00)  
34.50 
(28.00)  
33.50 
(17.00)    1.60 (3) .66 
Years Qualified* (n 
= 92) 
7.50 
(17.00)  
8.00 
(9.00)  
11.00 
(12.00)  
9.50 
(15.00)    1.50 (3) .68 
Time Spent 
Working with 
Animals (n = 97)             
Dairy Cattle* 
4.00 
(1.00)  
4.00 
(0.25)  
4.00 
(0.75)  
4.00 
(0.00)    3.63 (3) .31 
Beef Cattle* 
4.00 
(0.00)  
4.00 
(0.25)  
4.00 
(1.00)  
4.00 
(0.50)    1.47 (3) .69 
Sheep* 
4.00 
(1.00)  
4.00 
(1.00)  
4.00 
(1.00)  
4.00 
(1.00)    0.25 (3) .97 
Goats 
2.77 
(0.92) 
[2.36, 
3.14] 
2.54 
(0.86) 
[2.21, 
2.88] 
2.92 
(0.88) 
[2.55, 
3.26] 
2.56 
(0.92) 
[2.17, 
2.95]  1.00 (3,93)  .40 
Pigs 
2.14 
(0.64) 
[1.89, 
2.40] 
1.92 
(0.74) 
[1.65, 
2.25] 
2.17 
(0.76) 
[1.90, 
2.44] 
1.92 
(0.70) 
[1.67, 
2.20]  0.84 (3,93)  .47 
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Poultry 
(Chickens) 
2.18 
(0.59) 
[1.95, 
2.40] 
1.85 
(0.79) 
[1.57, 
2.15] 
2.04 
(0.81) 
[1.74, 
2.36] 
1.80 
(0.65) 
[1.52, 
2.07]  1.45 (3,93)  .24 
Poultry (Other)* 
2.00 
(1.00)  
2.00 
(1.00)  
2.00 
(1.00)  
2.00 
(1.00)    6.01 (3) .11 
Other Farm 
Animals* 
2.00 
(1.00)  
2.00 
(0.00)  
2.00 
(1.00)  
2.00 
(1.50)    5.70 (3) .13 
Horses* 
1.50 
(1.00)  
1.50 
(1.00)  
1.00 
(1.00)  
1.00 
(1.00)    3.33 (3) .34 
Small Animals* 
2.00 
(1.25)  
1.00 
(1.25)  
1.00 
(1.00)  
1.00 
(1.00)    1.87 (3) .60 
Values (n = 92)             
Hedonic 
6.48 
(0.98) 
[6.08, 
6.88] 
6.24 
(1.25) 
[5.71, 
6.73] 
6.41 
(1.34) 
[5.87, 
6.91] 
6.40 
(1.70) 
[5.71, 
7.00]  
0.18 (3, 
48.79)**  .91 
Egoistic 
4.96 
(1.28) 
[4.45, 
5.51] 
4.25 
(0.97) 
[3.86, 
4.60] 
4.96 
(1.23) 
[4.41, 
5.42] 
4.35 
(1.10) 
[3.92, 
4.75]  2.54 (3,88)  .062 
Altruistic 
6.95 
(1.17) 
[6.50, 
7.37] 
6.44 
(1.54) 
[5.79, 
7.05] 
6.86 
(1.34) 
[6.29, 
7.26] 
6.82 
(1.32) 
[6.27, 
7.26]  0.64 (3,88)  .59 
Biospheric 
6.13 
(1.14) 
[5.63, 
6.65] 
6.33 
(1.50) 
[5.67, 
6.95] 
6.57 
(1.31) 
[6.00, 
7.09] 
6.28 
(1.52) 
[5.62, 
6.90]  0.38 (3,88)  .77 
Responsibility for 
Causing AMR (n = 
89)             
Human Medics 
3.79 
(0.58) 
[3.52, 
4.09] 
3.87 
(0.65) 
[3.62, 
4.10] 
3.74 
(0.82) 
[3.46, 
4.01] 
3.70 
(0.69) 
[3.44, 
3.95]  0.26 (3,85)  .85 
Public/Patients 
3.82 
(0.59) 
[3.58, 
4.05] 
3.75 
(0.81) 
[3.43, 
4.07] 
3.47 
(0.81) 
[3.15, 
3.83] 
3.84 
(0.75) 
[3.51, 
4.15]  1.17 (3,85)  .33 
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Companion 
Animal Vets 
3.07 
(0.59) 
[2.79, 
3.32] 
3.15 
(0.88) 
[2.81, 
3.48] 
3.16 
(0.80) 
[2.86, 
3.52] 
2.85 
(0.62) 
[2.60, 
3.10]  
1.03 (3, 
46.21)**  .39 
Pet Owners 
3.21 
(0.76) 
[2.88, 
3.55] 
3.25 
(0.91) 
[2.87, 
3.62] 
3.11 
(0.89) 
[2.76, 
3.50] 
3.16 
(0.75) 
[2.88, 
3.48]  0.12 (3,85)  .95 
Farm Animal Vets 
3.20 
(0.72) 
[2.88, 
3.57] 
3.25 
(0.74) 
[2.95, 
3.53] 
3.38 
(0.60) 
[3.14, 
3.59] 
2.98 
(0.71) 
[2.69, 
3.27]  1.33 (3,85)  .27 
Farmers 
3.61 
(0.76) 
[3.24, 
3.96] 
3.50 
(0.78) 
[3.21, 
3.81] 
3.76 
(0.70) 
[3.47, 
4.05] 
3.60 
(0.68) 
[3.36, 
3.84]  0.49 (3,85)  .69 
Responsibility for 
Preventing AMR (n 
= 88)             
Human Medics 
4.32 
(0.61) 
[4.00, 
4.61] 
4.38 
(0.50) 
[4.17, 
4.57] 
4.18 
(0.66) 
[3.88, 
4.45] 
4.24 
(0.72) 
[3.93, 
4.50]  0.42 (3,84)  .74 
Public/Patients 
4.02 
(0.63) 
[3.75, 
4.29] 
4.18 
(0.56) 
[3.94, 
4.40] 
3.95 
(0.64) 
[3.70, 
4.19] 
4.15 
(0.72) 
[3.87, 
4.44]  0.26 (3,84)  .60 
Companion 
Animal Vets 
3.54 
(0.77) 
[3.22, 
3.85] 
3.81 
(0.74) 
[3.51, 
4.11] 
3.58 
(0.73) 
[3.24, 
3.88] 
3.60 
(0.76) 
[3.31, 
3.89]  0.31 (3,84)  .65 
Pet Owners 
4.07 
(0.66) 
[3.77, 
4.33] 
3.85 
(0.68) 
[3.57, 
4.11] 
3.86 
(0.75) 
[3.56, 
4.18] 
3.96 
(0.80) 
[3.64, 
4.26]  0.40 (3,84)  .76 
Farm Animal Vets 
4.06 
(0.56) 
[3.82, 
4.30] 
4.07 
(0.58) 
[3.84, 
4.31] 
4.13 
(0.54) 
[3.89, 
4.35] 
4.00 
(0.71) 
[3.70, 
4.28]  0.16 (3,84)  .92 
Farmers 
4.35 
(0.61) 
[4.05, 
4.64] 
4.11 
(0.54) 
[3.88, 
4.39] 
4.19 
(0.68) 
[3.89, 
4.47] 
4.19 
(0.77) 
[3.88, 
4.48]  0.47 (3,84)  .70 
Note. *Median and interquartile range reported for non-parametric variables. **Welch’s F reported as homogeneity of variances not assumed. 
Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-corrected and accelerated bootstrap confidence intervals.  df = 
Degrees of freedom. SD = Standard deviation. 
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Table 6.6 
Hierarchical Regression Model Summaries for Demographics as Predictors of Prescribing  
 Block 1  Block 2 
Measure F (df) p R2  F (df) p ΔR2 p 
Age (n = 80) 1.20 (3,76) .31 .045  0.93 (4,75) .45 .002 .72 
Gender (n = 92) 1.50 (3,88) .22 .049  1.00 (5,86) .42 .006 .75 
Years Qualified (n = 92) 1.20 (3,88) .22 .049  1.36 (4,87) .25 .010 .33 
Holds Postgraduate Qualifications 
(n = 91) 1.44 (3,87) .24 .047  1.20 (4,86) .32 .006 .48 
Time Spent Working with Animals 
(n = 97) 1.64 (3,93) .19 .050  1.36 (13,83) .20 .126 .26 
Primary Region of Work (n = 92) 1.50 (3,88) .22 .049  1.11 (13,78) .36 .108 .45 
Note. df = degrees of freedom. 
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6.3.2 Impact of vignette condition on prescribing. The first set of 
hypotheses related to whether vets’ prescribing would be influenced by the provision 
of contextual, non-clinical information about either the on-farm economics, the 
farmer, or the vet-farmer relationship being under pressure. The first experimental 
hypothesis (1a) was that contextual information would influence vets’ prescribing, 
such that participants in the three experimental conditions would be more likely to 
prescribe antibiotics compared to those in the control condition (clinical information 
only). The second experimental hypothesis (1b) was that the likelihood of prescribing 
antibiotics would also differ between the three different contextual (experimental) 
conditions. As the outcome variable (likelihood of prescribing antibiotics) was 
normally distributed (see Appendix U), these hypotheses were tested using a one-way 
independent ANOVA, for which the assumption of homogeneity of variances was 
met (Levene’s statistic (3,93) = 1.16, p = .33). There was no significant difference 
between conditions of the vignette on the likelihood of prescribing antibiotics, F(3,93) 
= 1.64, p = .19, partial h2 = .05 (see Figure 6.4 and Table 6.7). Both null hypotheses 
regarding the impact of contextual information on prescribing (1a and 1b) were 
therefore retained; providing vets with additional, contextual, non-clinical information 
did not significantly affect their likelihood of prescribing antibiotics.  
 
Table 6.7 
Mean Likelihood of Prescribing Antibiotics by Vignette Condition  
  BCa 95% CI  
Condition Mean Lower Upper 
Standard 
Deviation 
Control 3.27 2.73 3.85 1.39 
Economics 3.35 2.88 3.76 1.23 
Farmer 3.75 3.18 4.29 1.36 
Relationship 3.96 3.56 4.36 1.06 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals. 
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Figure 6.4. Mean likelihood of prescribing antibiotics by vignette condition (n = 97). 
Error bars represent 95% bias-corrected and accelerated bootstrap confidence 
intervals. 
 
6.3.3 Vets’ beliefs about groups’ responsibility for causing and preventing 
AMR. The third and fourth experimental hypotheses (2a and 2b) were that vets would 
believe that different groups had different levels of responsibility for causing and 
preventing AMR, with higher scores indicating greater responsibility. To explore 
potential differences in these beliefs, two Friedman’s ANOVAs were conducted, as 
four of the twelve subscales measuring these beliefs were not normally distributed 
across the whole sample (cause beliefs: public/patients and pet owners; prevent 
beliefs: human medics and farmers; see Appendix W). There were significant 
differences in vets’ beliefs about the level of responsibility between groups for both 
causing AMR, χ2(5) = 130.06, p < .001, and preventing AMR, χ2(5) = 100.51, p < 
.001. In terms of both causing and preventing AMR, participants believed that human 
medics had the most responsibility and companion animal vets had the least 
responsibility (see Table 6.8 for descriptive statistics for beliefs). Differences between 
beliefs about all groups were explored using pairwise comparisons.  
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Table 6.8 
Beliefs about Groups’ Responsibility for Causing or Preventing AMR 
  BCa 95% CI  
Beliefs Mean Lower Upper 
Standard 
Deviation 
Responsibility for Causing 
AMR (n = 89) 
  
  
Human Medics 3.77 3.63 3.92 0.68 
Public/Patients 3.72 3.56 3.88 0.75 
Companion Animal Vets 3.05 2.90 3.21 0.73 
Pet Owners 3.18 3.01 3.35 0.82 
Farm Animal Vets 3.19 3.05 3.34 0.70 
Farmers 3.62 3.46 3.77 0.72 
Responsibility for 
Preventing AMR (n = 88) 
  
  
Human Medics 4.28 4.14 4.41 0.62 
Public/Patients 4.08 3.94 4.22 0.64 
Companion Animal Vets 3.63 3.48 3.79 0.74 
Pet Owners 3.93 3.78 4.09 0.72 
Farm Animal Vets 4.06 3.94 4.19 0.60 
Farmers 4.21 4.07 4.35 0.65 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals.  
 
Regarding cause beliefs, farm vets believed themselves to be less responsible 
for causing AMR than farmers, human medics, and the public/patients (all p < .001) 
(see Figure 6.5). Participants also believed that farmers, medics, and the 
public/patients were more responsible for causing AMR compared to companion 
animal vets and pet owners (see Table 6.9 for all comparisons). There were no 
significant differences in responsibility for causing AMR between farmers, medics, 
and the public/patients, or between farm vets, companion animal vets, and pet owners, 
suggesting that participants believed the former three groups are equally more 
responsible for causing AMR, and the latter three groups are equally less responsible 
for causing AMR.  
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Figure 6.5. Mean beliefs about responsibility for causing AMR by group. Farm vets 
designated as reference group; *denotes significant difference from reference group at 
p < .001. Error bars represent 95% bias-corrected and accelerated bootstrap 
confidence intervals. 
 
Table 6.9 
Pairwise Comparisons for Beliefs about Groups’ Responsibilities for Causing AMR 
(n = 89) 
Comparison 
Mean 
Difference 
Std. Test 
Statistic Adj. p r 
Farm Vets v. Farmers  -0.42 5.79 < .001 .43 
Farm Vets v. Human Medics -0.58 5.85 < .001 .44 
Farm Vets v. Public/Patients -0.53 5.95 < .001 .45 
Farm Vets v. Comp. Animal Vets 0.14 1.42 1.00 .11 
Farm Vets v. Pet Owners 0.01 0.06 .95 .004 
Farmers v. Human Medics -0.15 0.06 .95 .004 
Farmers v. Public/Patients -0.10 0.16 .87 .01 
Farmers v. Comp. Animal Vets 0.57 7.21 < .001 .54 
Farmers v. Pet Owners 0.44 5.73 < .001 .43 
Human Medics v. Public/Patients 0.05 0.10 .92 .007 
Human Medics v. Comp. Animal Vets  0.72 7.27 < .001 .55 
Human Medics v. Pet Owners 0.59 5.79 < .001 .43 
Public/Patients v. Comp. Animal Vets 0.67 7.37 < .001 .55 
Public/Patients v. Pet Owners 0.54 5.89 < .001 .44 
Comp. Animal Vets v. Pet Owners -0.13 1.48 1.00 .11 
Note. Adj. = Adjusted. Comp. = Companion. Std. = Standardised. V. = Versus. 
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Regarding prevent beliefs, farm vets believed themselves to have more 
responsibility for preventing AMR compared to companion animal vets (p < .001), 
but less responsibility for preventing AMR than human medics (p = .03) (see Figure 
6.6). Participants did not believe their own levels of responsibility differed from the 
other three groups: farmers, public/patients, and pet owners. Beliefs about companion 
animal vets differed significantly from all other groups, suggesting participants saw 
this group as having the least responsibility for preventing AMR when compared to 
the responsibilities of the other five groups (see Table 6.10 for all comparisons).  
 
  
Figure 6.6. Mean beliefs about responsibility for preventing AMR by group. Farm 
vets designated as reference group; *denotes significant difference from reference 
group at p < .05, **denotes significant difference from reference group at p < .001. 
Error bars represent 95% bias-corrected and accelerated bootstrap confidence 
intervals. 
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Table 6.10 
Pairwise Comparisons for Beliefs about Groups’ Responsibilities for Preventing AMR 
(n = 88) 
Comparison 
Mean 
Difference 
Std. Test 
Statistic Adj. p r 
Farm Vets v. Farmers  -0.15 2.82 .072 .21 
Farm Vets v. Human Medics -0.22 3.08 .031 .23 
Farm Vets v. Public/Patients -0.02 0.26 1.00 .02 
Farm Vets v. Comp. Animal Vets 0.43 4.94 < .001 .37 
Farm Vets v. Pet Owners 0.13 1.47 1.00 .11 
Farmers v. Human Medics -0.07 0.26 1.00 .02 
Farmers v. Public/Patients 0.13 2.56 .16 .19 
Farmers v. Comp. Animal Vets 0.58 7.76 < .001 .58 
Farmers v. Pet Owners 0.28 4.29 < .001 .32 
Human Medics v. Public/Patients 0.20 2.82 .072 .21 
Human Medics v. Comp. Animal Vets  0.65 8.02 < .001 .60 
Human Medics v. Pet Owners 0.35 4.55 < .001 .34 
Public/Patients v. Comp. Animal Vets 0.45 5.20 < .001 .39 
Public/Patients v. Pet Owners 0.15 1.73 1.00 .13 
Comp. Animal Vets v. Pet Owners -0.30 3.47 .008 .26 
Note. Adj. = Adjusted. Comp. = Companion. Std. = Standardised. V. = Versus. 
 
Regarding beliefs about causing and preventing AMR, the null hypotheses that 
there would be no difference in vets’ beliefs about the level of responsibility each 
group had for either causing AMR (hypothesis 2a) or preventing AMR (hypothesis 
2b) were rejected. Farm vets did differ in their beliefs about which groups had greater 
or lesser responsibility for both causing and preventing AMR, with human medics 
believed to have the most responsibility and companion animal vets the least 
responsibility.  
6.3.4 Impact of beliefs on prescribing. The fifth and sixth experimental 
hypotheses (2c and 2d) were that participants’ beliefs about farm vets’ and other 
groups’ responsibility for causing or preventing AMR would be associated with the 
likelihood of prescribing antibiotics. These hypotheses were tested using two 
bootstrapped hierarchical multiple regressions; assumptions of homoscedasticity, 
linearity, independence of errors, normally distributed errors, and no multicollinearity 
were met for both regressions, but there were multivariate outliers which may have 
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exerted undue influence. In both regressions, vignette condition was entered in block 
one, and beliefs about all groups either causing or preventing AMR were entered in 
block two. 
In the first hierarchical regression, with 89 participants, the effect of condition 
on prescribing (model one) remained non-significant, F(3,85) = 1.81, p = .15. Adding 
beliefs about which groups have responsibility for causing AMR (model two) did not 
significantly improve the model F(9,79) = 1.74, p = .095. See Table 6.11 for full 
details.  
 In the second hierarchical regression, with 88 participants, the effect of 
condition alone on prescribing (model one) remained non-significant, F(3,84) = 1.53, 
p = .21. Adding beliefs about which groups have responsibility for preventing AMR 
(model two) did significantly improve the model, F(9,78) = 2.21, p = .030, ΔR2 = .15, 
p = .031. This model explained 20.3% of variance in the sample (11.1% in the 
population). In model two, none of the measures of beliefs about different groups 
having responsibility for preventing AMR were significant individual predictors, but 
adding these beliefs into the model resulted in the relationship condition of the 
vignette becoming a significant predictor t(78) = 2.24, p = .028. When beliefs about 
all groups being responsible (or not) for preventing AMR were included in the model, 
exposure to the relationship condition was significantly positively associated with 
participants’ prescribing. See Table 6.12 for full details. 
Regarding beliefs about causing and preventing AMR, the null hypothesis that 
cause beliefs would not be associated with prescribing (hypothesis 2c) was retained, 
but the null hypothesis that prevent beliefs would not be associated with prescribing 
(hypothesis 2d) was rejected. Participants were more likely to prescribe antibiotics in 
the relationship condition, once their beliefs about groups’ responsibilities for 
preventing AMR were taken into account. 
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Table 6.11 
Hierarchical Regression Model for Beliefs about Responsibility for Causing AMR as Predictors of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.21 [2.51, 3.83] 0.30  10.87 < .001 
Control v. Economics 0.05 [-0.75, 0.86] 0.40 .02 0.13 .90 
Control v. Farmer 0.52 [-0.45, 1.53] 0.40 .17 1.28 .20 
Control v. Relationship 0.75 [-0.01, 1.57] 0.39 .26 1.91 .059 
Block 2      
Constant 5.11 [3.03, 7.15] 0.96  5.34 < .001 
Control v. Economics -0.006 [-0.77, 0.80] 0.40 -.002 0.02 .99 
Control v. Farmer 0.32 [-0.64, 1.27] 0.40 .11 0.79 .43 
Control v. Relationship 0.79 [-0.24, 1.55] 0.39 .27 2.01 .048 
Medics Causing AMR -0.06 [-0.50, 0.44] 0.23 -.0 0.24 .81 
Public/Patients Causing AMR -0.56 [-0.95, -0.13] 0.24 -.32 2.33 .022 
Comp. Animal Vets Causing AMR -0.32 [-0.87, 0.37] 0.27 -.18 1.18 .24 
Pet Owners Causing AMR 0.22 [-0.23, 0.70] 0.24 .14 0.92 .36 
Farm Vets Causing AMR 0.43 [-0.27, 0.94] 0.35 .23 1.24 .22 
Farmers Causing AMR -0.18 [-0.81, 0.60] 0.33 -.10 0.53 .60 
Note. R2 = .060 for Block 1; ΔR2 = .105 for Block 2 (p = .14). Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-
corrected and accelerated bootstrap confidence intervals. Comp. = Companion. V. = Versus. 
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Table 6.12 
Hierarchical Regression Model for Beliefs about Responsibility for Preventing AMR as Predictors of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.20 [2.54, 3.81] 0.29  11.16 < .001 
Control v. Economics 0.12 [-0.71, 1.01] 0.40 .04 0.30 .77 
Control v. Farmer 0.53 [-0.28, 1.37] 0.40 .18 1.33 .19 
Control v. Relationship 0.71 [-0.006, 1.53] 0.39 .25 1.85 .068 
Block 2      
Constant 6.15 [4.35, 7.90] 1.08  5.70 < .001 
Control v. Economics 0.34 [-0.55, 1.33] 0.41 .12 0.84 .41 
Control v. Farmer 0.53 [-0.26, 1.33] 0.39 .18 1.36 .18 
Control v. Relationship 0.86 [0.05, 1.78] 0.38 .30 2.24 .028 
Medics Preventing AMR 0.14 [-0.52, 0.86] 0.35 .07 0.40 .69 
Public/Patients Preventing AMR -0.69 [-1.47, 0.15] 0.37 -.34 1.87 .065 
Comp. Animal Vets Preventing AMR -0.40 [-1.00, 0.15] 0.27 -.23 1.51 .14 
Pet Owners Preventing AMR 0.15 [-0.54, 0.87] 0.33 .08 0.43 .67 
Farm Vets Preventing AMR 0.10 [-0.81, 0.98] 0.41 .05 0.26 .80 
Farmers Preventing AMR -0.09 [-0.87, 0.51] 0.34 -.04 0.25 .81 
Note. R2 = .052 for Block 1; ΔR2 = .152 for Block 2 (p = .031). Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-
corrected and accelerated bootstrap confidence intervals. Comp. = Companion. V. = Versus. 
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6.3.5 Vets’ values. As a group, vets endorsed altruistic values most strongly, 
and egoistic values least strongly (see Table 6.13) In line with previous literature (e.g. 
de Groot & Steg, 2007, 2008; Steg, Perlaviciute, et al., 2014) vets’ hedonic and 
egoistic values were positively correlated with each other (r = .45, p < .001) and vets’ 
altruistic and biospheric values were also positively correlated (r = .50, p < .001). 
Altruistic values did not correlate with hedonic (r = -.08, p = .45) or egoistic values (r 
= -.17, p = 11) and biospheric values did not correlate with hedonic (r = -.02, p = .87) 
or egoistic values (r = -.12, p = .25). 
 
Table 6.13 
Vets’ Values 
  BCa 95% CI  
Values Mean Lower Upper 
Standard 
Deviation 
Hedonic 6.38 6.10 6.65 1.34 
Egoistic 4.61 4.37 4.85 1.17 
Altruistic 6.76 6.48 7.04 1.35 
Biospheric 6.33 6.05 6.62 1.38 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals.  
 
6.3.6 Impact of values on prescribing. The seventh and eighth experimental 
hypotheses (3a and 3b) were that vets who were more hedonic or more egoistic would 
be more likely to prescribe antibiotics. The ninth and tenth experimental hypotheses 
(3c and 3d) were that vets who were more altruistic or more biospheric would be less 
likely to prescribe antibiotics. These hypotheses were tested using a bootstrapped 
hierarchical multiple regression; vignette condition was entered in block one and the 
four values subscales (hedonic, egoistic, altruistic, and biospheric) were entered in 
block two. All assumptions were met and no multivariate outliers were identified. In 
this regression, with 92 participants, the effect of condition on prescribing (model 
one) remained non-significant, F(3,88) = 1.94, p = .13. Adding the values subscales 
(model two) resulted in a non-significant model, F(7,84) = 0.87, p = .53 (see Table 
6.14). Therefore, vets’ likelihood of prescribing antibiotics was not influenced by 
their values and the null hypotheses for 3a, 3b, 3c, and 3d were retained. 
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Table 6.14 
Hierarchical Regression Model for Values as Predictors of Prescribing  
 B [BCa 95% CI] SE B β t p 
Block 1      
Constant 3.20 [2.59, 3.79] 0.29  11.23 < .001 
Control v. Economics 0.09 [-0.71, 1.01] 0.39 .03 0.24 .81 
Control v. Farmer 0.58 [-0.20, 1.43] 0.39 .20 1.50 .14 
Control v. Relationship 0.76 [-0.02, 1.56] 0.38 .26 1.99 .050 
Block 2      
Constant 2.97 [0.33, 5.54] 1.20  2.48 .015 
Control v. Economics 0.08 [-0.80, 1.12] 0.41 .03 0.19 .85 
Control v. Farmer 0.56 [-0.32, 1.44] 0.40 .19 1.39 .17 
Control v. Relationship 0.75 [-0.05, 1.60] 0.40 .26 1.87 .065 
Hedonic -0.03 [-0.25, 0.19] 0.16 -.03 0.23 .82 
Egoistic -0.01 [-0.33, 0.31] 0.14 -.01 0.08 .94 
Altruistic 0.02 [-0.26, 0.28] 0.12 .02 0.18 .86 
Biospheric 0.05 [-0.23, 0.31] 0.12 .05 0.43 .67 
Note. R2 = .249 for Block 1; ΔR2 = .006 for Block 2 (p = .97). Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-
corrected and accelerated bootstrap confidence intervals. V. = Versus. 
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6.4 Discussion 
This experimental vignette study examined the impact of context on farm vets’ 
antimicrobial prescribing decisions in a hypothetical clinical scenario commonly 
faced by farm vets. Participants were randomly allocated to a control condition, that 
only included clinical information, or to one of three experimental conditions; 
economics (farm under financial pressure), farmer (farmer under work pressure), and 
relationship (vet-client relationship under pressure). The study also measured vets’ 
beliefs about which groups have more or less responsibility for both causing and 
preventing AMR and measured vets’ values.  
The key findings were that context alone did not significantly influence the 
likelihood that vets would prescribe an antibiotic. Adding vets’ values or their beliefs 
about which groups have responsibility for causing AMR to the model also did not 
result in any significant differences in likelihood of antibiotic prescribing between the 
four vignette conditions. Adding vets’ beliefs about which groups have responsibility 
for preventing AMR did, however, result in a significant improvement in the overall 
model, and in exposure to the relationship condition becoming a significant predictor 
for increased likelihood of prescribing. Although the likelihood of prescribing was 
also higher in the economics and farmer conditions than in the control condition, 
these experimental conditions were not significant predictors of prescribing. In other 
words, once vets’ beliefs about responsibility for preventing AMR were taken into 
account, those vets who were exposed to a hypothetical situation where their 
relationship with the farmer may be under some pressure were more likely to 
prescribe antibiotics than vets exposed to clinical information only (control), a 
situation where the farm is under financial pressure (economics condition), or a 
situation where the farmer is under work pressure (farmer condition).  
These findings therefore suggest that the nature of the relationship between a 
vet and their farmer client may be a particularly important factor in terms of a vet’s 
antimicrobial prescribing and stewardship behaviours. What is not clear from the 
present study is exactly what it is about the relationship being under pressure that 
resulted in vets being more likely to prescribe in the relationship condition. It may be 
that when vets feel they have a better quality relationship with a farmer, they feel 
more able to resist prescribing antimicrobials in clinically ambiguous situations. 
Alternatively, it may be that if vets feel less secure in their relationship with a farmer, 
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they are more likely to prescribe antimicrobials as they wish to avoid either a 
potentially challenging conversation with the farmer or avoid the risk of displeasing 
the farmer by refusing antimicrobials. Nonetheless, the findings suggest that the more 
comfortable or confident a vet feels in their relationship with a farmer, the more likely 
it is that they will engage in responsible antimicrobial prescribing. 
Relationships between prescribers and their patients or clients do seem to be 
important influences on prescribers’ treatment decisions. There is evidence from 
doctors and other vets that a desire to avoid possible conflict or upset in the 
consultation is a potential driver of inappropriate antimicrobial prescribing (Mateus et 
al., 2014; Tonkin-Crine et al., 2011). Protecting relationships and maintaining patient 
or client satisfaction appears especially important to those prescribers who work in 
private healthcare systems or those who are concerned about losing clients or patients 
to other service providers (Krockow et al., 2019; M. Smith et al., 2018; Tonkin-Crine 
et al., 2011). Some vets and doctors report experiencing pressure to prescribe 
antimicrobials and it is likely that, at least sometimes, these prescriptions are written 
in order to maintain good will between the prescriber and the patient or client (Coyne 
et al., 2016, 2014; Krockow et al., 2019; Speksnijder, Jaarsma, Verheij, et al., 2015). 
Indeed, companion animal vets report that establishing a trusting relationship and 
being able to communicate clearly and confidently with clients about responsible 
antimicrobial prescribing is key to being able to challenge this pressure and 
expectation from clients (Currie et al., 2018; Mateus et al., 2014; M. Smith et al., 
2018).  
In addition to exploring the effects of context on farm vets’ prescribing, this 
study also set out to explore farm vets’ beliefs about which groups hold more or less 
responsibility for both causing and preventing AMR. The results identified that farm 
vets believe that farmers, human medics, and the public (as patients, not as pet 
owners) have greater responsibility than themselves for causing AMR. In terms of 
preventing AMR, farm vets believe they have more responsibility than companion 
animal vets, but less responsibility than human medics. These quantitative findings 
support the conclusions from the qualitative evidence in Study Three (Chapter Four) 
that farm vets do take some ownership and level of responsibility for antimicrobial 
stewardship, but that they also shift the responsibility for AMR and further 
stewardship onto other groups. Locating the problem of AMR with other groups is 
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common amongst prescribers; vets and doctors all express the view that practice by 
themselves or their own professional group is more responsible and less of a 
contributor to AMR than practice by other professional groups (e.g. Biezen et al., 
2019; Cho et al., 2004; Coyne et al., 2018, 2014; Hardefeldt, Gilkerson, et al., 2018; 
Keizer et al., 2019; S. Schneider et al., 2018; M. Smith et al., 2018; Visschers et al., 
2015, 2014). For a more detailed consideration of the evidence for other-blaming in 
relation to AMR, please see Chapter Four, section 4.4.  
Finally, this study also measured farm vets’ values and assessed whether these 
were associated with vets’ likelihood of prescribing antimicrobials. No evidence was 
found in this study for any association between the four values that were measured 
(hedonic, egoistic, altruistic, and biospheric) and the likelihood of prescribing by farm 
vets. Values were measured in this study because values have been associated with 
the likelihood of engaging in a range of pro-environmental behaviours (de Groot & 
Steg, 2007, 2008; Gatersleben et al., 2014; Steg & de Groot, 2012; Steg, Perlaviciute, 
et al., 2014; Thøgersen & Ölander, 2002), and antimicrobial stewardship has been 
conceptualised as a pro-environmental behaviour in this thesis. It is perhaps not 
surprising, however, that there was no association between values and prescribing, as 
values appear to act indirectly on behaviour, through beliefs and norms (Gatersleben 
et al., 2014; Steg & de Groot, 2012), and other factors such as emotion or social 
identity are also associated with pro-environmental behaviours (Coelho et al., 2017; 
Dono et al., 2010). Values mostly direct behaviour when they are made salient by 
situational cues (Steg, Bolderdijk, et al., 2014) and it would seem unlikely that 
altruistic and biospheric values would be readily or commonly activated during vets’ 
everyday prescribing encounters. Furthermore, for values to drive behaviour, 
individuals have to perceive a behaviour as being aligned to a given value. If, for 
example, vets do not think of inappropriate prescribing in terms of impacting upon the 
environmental health of the planet, then biospheric values would not be a predictor of 
inappropriate prescribing.  
6.4.1 Limitations. This study aimed to recruit farm vets from across the UK 
and this was achieved, but no claims are made for the representativeness of this 
sample for farm vets currently practicing in the UK. The BVA and the Royal College 
of Veterinary Surgeons were approached for assistance with recruitment, to both 
increase the sample size and broaden the recruitment channels to target farm vets 
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practicing in the UK; permission to recruit via the mailing lists of these organisations 
was not, however, granted. The majority of participants were recruited via Twitter or 
through email requests direct to veterinary practices that provided a farm animal 
service, so there will inevitably be limitations in terms of the representativeness of 
those potential participants to whom the study was advertised. Recruitment of a 
sufficient number of participants was also challenging for this study; all feasible 
avenues were exhausted during the six month recruitment period but the target sample 
size of a minimum of 116 participants was not achieved.  
It is possible that the smaller than expected sample size may account for the 
lack of evidence for an effect of condition alone on farm vets’ prescribing. As with 
any non-significant results based on a single inferential test, there is a risk that the 
results indicating no main effect of condition represent a false negative, especially as 
the observed effect size is smaller than was anticipated and planned for following the 
pilot study. Observed (post hoc) power calculations have not been performed, 
however, as it has been demonstrated that observed power is directly related to the 
observed p-value, and non-significant results will necessarily have low observed 
power (Hoenig & Heisey, 2001). Calculating observed power does not provide any 
additional analytic benefit over and above the observed p-value and discussions of 
observed power in relation to non-significant results are not recommended (Hoenig & 
Heisey, 2001; Lenth, 2001). 
Nonetheless, some statistically significant results were identified, suggesting 
there was sufficient power to detect some effects in the smaller sample that was 
recruited. It should be acknowledged, however, that although multiple analyses were 
performed on this dataset, a Bonferroni adjustment was not applied, meaning that the 
significant regression model that included beliefs about responsibility for preventing 
AMR, could be a false positive. In assessing whether or not a Bonferroni adjustment 
should be applied, researchers are encouraged to consider the potential risks 
associated with accepting a false positive (type I error) versus accepting a false 
negative (type II error) (Perneger, 1998; Rothman, 1990). The Bonferroni adjustment 
can be considered too conservative for much research, as the risk of accepting a false 
negative can include ignoring a potentially interesting or meaningful effect (Perneger, 
1998; Rothman, 1990). Given the findings about the potential importance of 
relationships and other-blaming that has been identified in the qualitative studies 
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within this thesis and from the wider literature, it was deemed appropriate in this 
instance not to apply the Bonferroni adjustment and instead accept the model, but 
acknowledge the risk that the finding may be a false positive. Further research will be 
required, ideally in a larger sample size or across different samples of different 
prescribers, to see whether this potential effect of increased prescribing when exposed 
to a relationship that is under pressure can be replicated in future vignette studies. 
6.4.2 Implications. The findings from this experimental vignette and cross-
sectional survey suggest that the nature of the relationship between farm vets and 
farmers has an important influence on farm vets’ likelihood of prescribing 
antimicrobials. Farm vets also differ in how much responsibility they believe different 
groups have for causing and preventing AMR, and their beliefs about responsibility 
for preventing AMR may also be associated with their prescribing decisions. As 
outlined above, however, the findings about the potential influence of relationships 
and beliefs on prescribing should be considered tentatively, and further studies should 
be conducted to explore whether these findings can be replicated.  
Nonetheless, the finding that the nature of the relationship between prescribers 
and their clients or patients may causally influence whether or not an antimicrobial is 
prescribed appears to be consistent with reports from vets and doctors in cross-
sectional and qualitative research. As outlined in the literature review in Chapter One, 
evidence for the importance of the relationships between prescribers and clients or 
patients was found for all groups of prescribers. Furthermore, one other vignette study 
conducted with farm vets also found that aspects to do with the relationship between 
vets and farmers might influence the likelihood of prescribing an antimicrobial, with 
vets being less likely to prescribe without a clinical examination if the farmer has 
been a client for less than a year (Doidge et al., 2019). 
It therefore seems reasonable to conclude that enabling vets and doctors to 
more quickly establish good communication and trusting relationships with clients 
and patients could be useful in driving stewardship behaviours. One way to achieve 
this in livestock farming might be through increasing the opportunities for 
collaborative working. For example, senior pig vets in the UK feel that in most cases 
their relationships with farmers are collaborative and these senior vets do not report 
experiencing as much pressure to prescribe antimicrobials as their junior colleagues 
report experiencing (Coyne et al., 2016). Indeed, there is emerging evidence that 
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collaborative working between vets, farmers, and other livestock professionals can be 
beneficial in developing relevant, farm-level antimicrobial stewardship policies that 
are based around changes to treatment and biosecurity protocols, as well as other herd 
health interventions (Postma et al., 2017; Speksnijder et al., 2017; A. Turner et al., 
2018; van Dijk et al., 2017). Importantly, there is evidence that these collaborative 
interventions can achieve reductions in antimicrobial usage without harming 
production parameters or animal welfare (Postma et al., 2017; A. Turner et al., 2018).  
6.4.3 Conclusions and next steps. The online experimental vignette and 
cross-sectional survey reported in this chapter were developed based on findings from 
the qualitative research conducted for this thesis (Studies One and Three, Chapters 
Two and Four) and from theoretical insights from environmental psychology. The 
main findings from this study were that, once their beliefs about various groups’ 
responsibility for preventing AMR were taken into account, farm vets exposed to a 
hypothetical scenario in which their relationship with a farmer was under pressure 
were more likely to prescribe antimicrobials than farm vets in other conditions. Vets’ 
values and their beliefs about various groups’ responsibility for causing AMR were 
not associated with their likelihood of prescribing antimicrobials. This study also 
found that there were differences in vets’ beliefs about how responsible different 
groups are for causing and preventing AMR, which adds to the qualitative evidence 
from Study Three (Chapter Four) that farm vets at least partially locate the problem of 
AMR and responsibility for stewardship with other groups. In the next chapter, which 
reports on the final empirical study in this thesis, beliefs about responsibility for 
causing and preventing AMR are explored in vet students, along with an assessment 
of their self-reported knowledge about AMR and their usage of antimicrobials.  
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Chapter Seven 
Study Six. Assessing Knowledge, Beliefs, and Behaviours Related to 
Antimicrobial Usage and Antimicrobial Resistance Amongst Veterinary 
Medicine Students: A Multi-Site, Cross-Sectional Survey 
 
The previous chapter reported on an experimental vignette and cross-sectional 
survey with farm vets in the UK (Study Five), which identified that vets’ prescribing 
decisions are influenced by their beliefs about responsibility for AMR and their 
relationships with farmers. The study also identified that practicing farm vets believe 
different groups have different levels of responsibility for causing and preventing 
AMR. It is also important, however, to consider the beliefs of those who represent the 
future of the veterinary profession. To date, very few studies have considered the 
beliefs and behaviours of veterinary medicine students (vet students) in relation to 
AMR. The final empirical study in this thesis therefore sought to help address this gap 
by conducting a cross-sectional survey with early years (first- and second-year) and 
later-years (third- and fourth-year) vet students in the UK to assess their AMR 
knowledge and antimicrobial usage behaviours. The survey also assessed vet 
students’ beliefs about responsibility for causing and preventing AMR, to explore 
whether similar patterns of beliefs would be identified amongst vet students as 
amongst the practicing farm vets in Study Five.  
 
7.1 Introduction 
AMR is a global, One Health problem (Gibbs, 2014; T. P. Robinson et al., 
2016; WHO, 2015) and all prescribers and users, as well as other groups such as 
manufacturers, need to play their part to protect the effectiveness of antimicrobials. 
The empirical work in this thesis has, however, identified that farm vets and farmers 
only take partial responsibility for AMR and stewardship (Studies Three and Five). 
Whilst vets and farmers are concerned about AMR and understand the need for 
increased stewardship in agriculture, they also psychologically distance themselves 
from the issue and lay the blame for AMR and the need for increased stewardship 
with other groups, especially human medics and the general public. These findings 
are in line with other empirical evidence that suggests that vets, doctors, the public (as 
patients), farmers, and pet owners all engage in some level of other-blaming for 
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inappropriate prescribing and usage of antimicrobials (e.g. Biezen et al., 2019; Cho et 
al., 2004; Coyne et al., 2018, 2014; Hardefeldt, Gilkerson, et al., 2018; Keizer et al., 
2019; S. Schneider et al., 2018; M. Smith et al., 2018; Visschers et al., 2015, 2014).  
In addition to understanding the beliefs held by practicing vets and doctors 
about AMR, it is also important to understand the knowledge and beliefs that 
veterinary medicine students (vet students) and human medicine students (medical 
students) hold about AMR. Vet students and medical students represent the future of 
the veterinary and medical professions and they will need to be daily advocates of 
antimicrobial stewardship once they begin to practice medicine. Indeed, there is some 
evidence that suggests more recently qualified vets have greater awareness of the 
threats from AMR and the need for increased stewardship than more senior vets 
(Cattaneo et al., 2009; Scherpenzeel et al., 2018; Speksnijder, Jaarsma, Verheij, et al., 
2015). Despite this, junior vets report being less confident in their relationships with 
clients and in challenging clients’ expectations for antimicrobials (Coyne et al., 2016; 
Higgins et al., 2017; Speksnijder, Jaarsma, Verheij, et al., 2015). Junior vets and 
doctors also at times feel unable to challenge senior colleagues or prescribing norms 
(Broom et al., 2019; Charani et al., 2011; Coyne et al., 2016; Higgins et al., 2017; 
Mattick et al., 2014; Papoutsi et al., 2017; Pinder et al., 2015; M. Smith et al., 2018). 
This suggests that although newly qualified vets and doctors might intellectually wish 
to promote stewardship, they face considerable interpersonal barriers to implementing 
their stewardship ideals in practice. 
It is therefore important to consider the beliefs and experiences of vet students 
and medical students, to identify areas of training where students could potentially be 
better supported to prescribe in line with stewardship principles as they transition into 
their practitioner roles. For example, junior doctors in their first two years post-
qualification report wanting further education in antimicrobial prescribing (Gharbi et 
al., 2016) and medical students commonly report wanting more education on 
antimicrobial stewardship (Abbo et al., 2013; Dyar, Howard, Nathwani, & Pulcini, 
2013; Dyar, Lund, Lindsjö, Stålsby Lundborg, & Pulcini, 2019; Minen, Duquaine, 
Marx, & Weiss, 2010). Medical students would specifically like more feedback on the 
appropriateness of their prescribing choices when on clinical training rotations 
(Minen et al., 2010) and more education on selecting the most appropriate drug and 
when to consider combination therapy (Brinkman et al., 2018). There is evidence that 
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the nature of stewardship training varies across both undergraduate and postgraduate 
medical training programmes (Castro-Sánchez, Drumright, Gharbi, Farrell, & 
Holmes, 2016; Rawson et al., 2016) and medical students from across Europe report 
different levels of preparedness for performing responsible antimicrobial prescribing 
(Dyar, Nathwani, et al., 2018). Furthermore, there is evidence that introducing a 
dedicated curriculum on antimicrobial stewardship can have positive influences on 
knowledge and attitudes about AMR amongst medical and pharmacy students, as well 
as improving self-efficacy beliefs towards engaging in inter-professional 
collaboration (MacDougall et al., 2017).  
Surveys of medical students have found that knowledge, beliefs, and 
behaviours related to AMR and antimicrobial usage vary. For example, a survey of 
French medical students found high awareness of AMR but many students reported a 
lack of confidence surrounding responsible prescribing, especially regarding the 
selection of the correct drug and dose (Dyar et al., 2013). A survey of undergraduate 
students in China found that students had poor knowledge about antimicrobials and 
40.2% had self-medicated with antimicrobials in the previous six months (Lv et al., 
2014). Furthermore, although medical students had better (but still only moderate) 
knowledge than non-medical students about antimicrobials, medical students were 1.6 
times more likely than non-medical students to self-medicate (Lv et al., 2014). In a 
survey of medical students from four universities in Pakistan 35% admitted to self-
medication with antimicrobials (Zafar et al., 2008). Only 40% of medical students in 
the USA were familiar with the term ‘antimicrobial stewardship’, although awareness 
varied between the three surveyed medical schools (Abbo et al., 2013). AMR 
knowledge and confidence in antimicrobial prescribing appear to be higher when 
students have undertaken an infectious disease rotation or have had frequent contact 
with infectious disease specialists (Abbo et al., 2013; Wasserman et al., 2017). 
Compared with medical students, however, there is a paucity of research that 
has explored the knowledge, beliefs, and behaviours of vet students in relation to 
AMR and responsible antimicrobial usage. There appear to be only two published 
surveys of vet students’ knowledge and beliefs in this area, which both identified that 
vet students would like more information about antimicrobial stewardship as part of 
their training (Dyar, Hills, Seitz, Perry, & Ashiru-Oredope, 2018; Hardefeldt, Nielsen, 
et al., 2018). The first of these surveys was conducted with vet students from all seven 
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Australian vet schools, who were surveyed during their final two years of study and 
focused on their knowledge about specific classes of antimicrobials (Hardefeldt, 
Nielsen, et al., 2018). Knowledge about the appropriateness of different antimicrobial 
classes as a first-line treatment amongst students was mixed, as was knowledge about 
whether systemic antimicrobials were indicated across a range of clinical scenarios 
(Hardefeldt, Nielsen, et al., 2018). The second of these studies surveyed vet students 
and medical, nursing, pharmacy, and dentistry students from across the UK (Dyar, 
Hills, et al., 2018). This survey identified that amongst vet students, whilst all 
participants knew that bacteria could become resistant to antibiotics, 28% and 34% 
respectively incorrectly believed that humans and animals could also become resistant 
to antibiotics (Dyar, Hills, et al., 2018). The survey also identified that only two-thirds 
of vet students had heard of the BVA’s seven-point plan for the responsible use of 
antimicrobials in animals (Dyar, Hills, et al., 2018). However, despite a reasonable 
sample size overall, sub-group analysis by discipline was not possible in this study, so 
it is not clear whether vet students’ knowledge about antimicrobials differed from the 
students from the human healthcare disciplines (Dyar, Hills, et al., 2018). Across all 
students, only 44% had heard the terms ‘antimicrobial stewardship’ or ‘antibiotic 
stewardship’, and only a fifth of students felt they had sufficient knowledge about 
antimicrobials for their future practice (Dyar, Hills, et al., 2018). 
7.1.1 Aims and Hypotheses. This study therefore sought to help address this 
gap in understanding about vet students’ knowledge, beliefs, and behaviours in 
relation to AMR. It should be noted that for this study, the materials explicitly 
referred to antibiotics and antibiotic resistance (ABR) instead of AMR; this was so as 
to avoid any potential confusion or lack of understanding in terminology by those 
students who had yet to start any pharmacology training. As such, the hypotheses, 
materials, and analyses refer to antibiotics and ABR.  
This cross-sectional study therefore surveyed self-reported behaviour, 
knowledge, and beliefs about ABR and antibiotic use in veterinary medicine 
undergraduate students. An online survey with first- and second-year undergraduates 
(early years students) from three UK universities, and with third- and fourth-year 
undergraduates (later years students) in one of these universities, was conducted to 
achieve the following aims:  
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1. Describe self-reported antibiotic usage behaviour amongst early and later 
years vet students. 
2. Describe the levels of knowledge about ABR and antibiotic use amongst early 
and later years vet students. 
3. Describe beliefs amongst early and later years vet students about different 
groups’ responsibilities for both preventing and causing ABR. 
4. Explore potential differences in vet students’ behaviour, knowledge, and 
beliefs between early and later years students within one university. 
 
7.2 Methods 
7.2.1 Design. This cross-sectional survey was conducted online using 
Qualtrics. Veterinary medicine students (vet students) at three English universities 
were recruited to assess their self-reported behaviours, knowledge, and beliefs in 
relation to antibiotic use and ABR.  
7.2.2 Participants. Participants were early-years (first- and second-year) 
undergraduate vet students from the Universities of Bristol, Liverpool, and Surrey, 
and later years (third- and fourth-year) students from the University of Surrey. These 
three universities were selected for pragmatic reasons of access; SG is based at 
Surrey, HH is based at Liverpool, and SG has links to researchers and lecturers at 
Bristol. Participants were recruited by their lecturers (at Liverpool and Bristol) or by 
SG (at Surrey) during lectures or breaks between lectures, between October and 
December 2018. Students were verbally advised that they were invited to take part in 
a brief online survey that explored their beliefs about medicines use (it was not 
revealed during recruitment that the survey was specific to antibiotics). It was stressed 
that participation was voluntary and not linked to course performance or course 
credits. Students were provided with a short url (displayed on lecture hall screens 
using PowerPoint; see Appendix X) to enter into their own mobile or laptop devices; 
they were instructed to read the participant information sheet and complete the 
consent form if they were willing to continue to complete the survey. Students were 
advised to ask the lecturer or SG if they had any questions. The survey had been 
piloted with eight psychology postgraduate researchers to check that it could 
reasonably be completed in under 10 minutes; this was done to ensure that 
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recruitment and survey completion had only a minimal impact on students’ contact 
time with their lecturers. 
7.2.2.1 Power calculation. As antibiotic-related knowledge, beliefs, and 
behaviours have not been previously explored across different groups of vet students, 
there is no reasonable way of estimating an effect size for any potential difference in 
these variables between the groups. Power calculations conducted using G*Power 
(Faul et al., 2007) indicated the following sample sizes to detect different sized effects 
using one-way ANOVAs: to detect a large effect (h2 = 0.25), a minimum sample size 
of 33 participants would be sufficient, to detect a medium effect (h2 = 0.09), a 
minimum sample size of 102 participants would be sufficient, but to detect a small 
effect (h2 = 0.01), a minimum sample size of 957 participants would be required. 
Prior to recruitment, it was estimated that across the first- and second-year 
cohorts, there were approximately 300 students at Bristol, approximately 330 students 
at Liverpool, and approximately 250 students at Surrey; it was expected that around 
80% of students would attend any given lecture, and around 80% of those in 
attendance would complete the survey (estimated as: Bristol n = 192, Liverpool n = 
211, Surrey n = 160). Therefore, from a total population of approximately 880 
students, it was expected that a minimum sample of 563 participants would be 
recruited across the first- and second-year cohorts. The third- and fourth-year cohort 
at Surrey were smaller (as this is a recently established vet school) with an estimated 
150 students across both years; following the same logic as before it was estimated 
that 96 students might be recruited from this cohort.  
7.2.3 Measures. All study materials were presented online using Qualtrics, 
and were accessible using desktops, laptops, and mobile devices.  
7.2.3.1 Demographics. Participants were asked to provide their age, gender, 
and ethnicity, as well as the university they were studying at and the year of study for 
their veterinary degree. Age was requested in age bands to help preserve anonymity 
of participants. The questionnaires are reproduced in Appendix Y. 
7.2.3.2 Antibiotic behaviour. Self-reported behaviour was assessed using a 3-
item scale developed for this study (see Appendix Z). Participants were asked to 
indicate how often they tended to perform three types of antibiotic-related behaviours 
on a scale of 1 (never) to 5 (always). The three behavioural statements used as items 
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in this scale were identified from a systematic review and meta-analysis that explored 
and synthesised statements about self-reported antibiotic-related behaviours 
commonly put to the general public in surveys about antibiotic use and knowledge 
(Gualano et al., 2015).  
Cronbach’s alpha (a) for the three behavioural items was .49; the inter-item 
correlation matrix showed that two items correlated highly together (Q1, “When I get 
a cold, I will take antibiotics to help me get better more quickly” and Q2, “When I get 
a cold, I will take antibiotics to prevent my symptoms from getting worse”; r = .69) 
but that the third item (Q3, “I normally stop taking antibiotics when I start feeling 
better”) was poorly correlated with these two items (Q1 r = .23; Q2 r = .21). When 
Q3 was removed, Cronbach’s a = .82. Therefore, two behavioural outcome measures 
were created for the analysis: symptom management behaviour (Q1 and Q2) and 
treatment cessation behaviour (Q3). For the purpose of this study, behaviour was 
defined as follows: responsible = answering never, inappropriate = answering 
occasionally, sometimes, often, or always.  
7.2.3.3 Knowledge about antibiotic use and ABR. Vet students’ knowledge 
was assessed using an 8-item scale developed for this study based upon previous 
surveys about antibiotic knowledge (see Appendix Z). The general public have been 
extensively surveyed about their knowledge and beliefs about antibiotic use and ABR 
(e.g. Cals et al., 2007; European Commission, 2013; McNulty et al., 2007) as have, to 
a lesser extent, medical and veterinary students (Abbo et al., 2013; Dyar, Pulcini, 
Howard, & Nathwani, 2014; Hardefeldt, Nielsen, et al., 2018; Minen et al., 2010). In 
these surveys, whilst medical and veterinary students are often asked similar 
questions to those put to the public, they are additionally asked questions specific to 
their clinical training or rotations. For this survey, first- and second-year vet students 
will have had little or no exposure to microbiology and clinical decision-making 
training, so it was deemed more appropriate to assess their knowledge in a similar 
way to assessing knowledge amongst the general public. Therefore, two systematic 
reviews of surveys of the general public (Gualano et al., 2015; McCullough et al., 
2016) were identified and used to develop this scale to assess knowledge about 
antibiotic use and ABR, with additional statements added for this study.  
The scale assessed four areas of knowledge: 1) what should antibiotics be used 
for, 2) what is ABR, 3) what contributes to ABR, and 4) what are the harms from 
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antibiotic use and ABR? Participants were asked to respond to eight statements about 
antibiotic use and resistance, with three possible responses: true, false, or don’t know. 
Example items are: “Antibiotics are useful for colds and flu” and “Antibiotic 
resistance can spread between bacteria”. Knowledge scores were created by totalling 
the number of correct answers provided by participants, with a maximum score of 
eight. For the purpose of this study, level of knowledge was defined as follows: good 
= seven or eight items correct, moderate = five or six items correct, and poor = four 
or less items correct.  
7.2.3.4 Beliefs about responsibility for causing and preventing ABR. Beliefs 
about different groups’ responsibility for causing ABR and for preventing ABR were 
measured using two 12-item scales that were adapted from the two 24-item scales 
previously developed for measuring these beliefs in practicing farm vets (see 
Appendices AA and AB; see also Chapter Six). Each 12-item scale comprised four 
subscales, with three items about each of four target groups: vets, animal owners, 
human healthcare professionals, and human patients. For both scales, participants 
were asked “to what extent do you think each of the following contributes to 
causing/preventing antibiotic resistance? If you are unsure, please give your best 
guess”. Participants responded on a scale of 1 (contributes not at all) to 5 (contributes 
very much).  
The original 24-item scales were developed based on interviews conducted 
with farm vets (see Study One, Chapter Two) and present a series of statements about 
antibiotic use by six groups (human medics, human patients, companion animal vets, 
pet owners, farm animal vets, and farmers); these groups were identified by farm 
animal vets as being key stakeholder groups in promoting antimicrobial stewardship. 
In this cross-sectional study with vet students, the existing scales were adapted to 
merge farmers and pet owners into one group, and farm vets and companion animal 
vets into another group. These adaptations were made for three reasons: 1) as vet 
students are not yet specialised as either farm vets or companion animal vets, drawing 
a distinction between these groups was less important than for the study with 
practicing farm vets, 2) to adapt the language to focus on antibiotics, rather than 
antimicrobials, as vet students may not yet be familiar with the use of the term 
‘antimicrobials’ in this context, and 3) to minimise the length of the survey for 
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practical reasons, as survey recruitment and completion took place during lecture 
time.  
The responsibility for causing ABR scale measured the extent to which 
participants thought the behaviour of different groups (including themselves, as future 
vets) contributes to increasing rates of ABR. Statements focused on antibiotic use by 
each group. Example items that participants were asked to rate are: “The number of 
antibiotic prescriptions that GPs write”, “Patients not completing their antibiotic 
courses”, and “Animal owners using antibiotics to treat viral infections in their 
animals”. Internal consistency for three of the four causing ABR subscales was below 
the threshold for acceptability for the early stages of research (0.6; Streiner, 2003) but 
could not be improved by removing any of the items (see Table 7.1). 
The responsibility for preventing ABR scale measured the extent to which 
participants thought all groups are equally responsible for preventing ABR. 
Statements focused on what members of each group could do differently to help 
reduce selective pressure for ABR. Example items that participants were asked to rate 
are: “Members of the public taking antibiotics as instructed by their doctors”, “Vets 
using more diagnostic tests”, and “Animal owners accepting that their animals don’t 
always need antibiotics”. Internal consistency for all four preventing ABR subscales 
was acceptable (see Table 7.2). 
 
Table 7.1 
Reliability Statistics for Beliefs Measures 
Measure Cronbach’s a 
Responsibility for Causing ABR  
Healthcare Professionals .63 
Public/Patients .50  
Vets .52  
Animal Owners .57  
Responsibility for Preventing ABR   
Healthcare Professionals .73 
Public/Patients .63  
Vets .68  
Animal Owners .75  
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7.2.4 Procedure. Participants first saw the participant information sheet and 
consent form, followed by a very brief instructions page (see Appendices AC and 
AD). They were then asked to provide demographic details before being presented 
with questions to assess: 1) their self-reported behaviours regarding antibiotics, 2) 
their knowledge about antibiotics and ABR, and 3) their beliefs about which groups 
are responsible for causing and preventing ABR. Finally, participants were thanked 
for taking part and presented with a debrief statement (see Appendix AD). The whole 
study took an average of about six minutes for participants to complete.  
7.2.4.1 Randomisation. To control for order effects, the order of presentation 
for all scale items within each scale was randomised. Additionally, the order of 
presentation of the responsibility for causing ABR and responsibility for preventing 
ABR scales was also randomised, to control for any potential contamination between 
the two scales. All randomisation was performed using the Qualtrics software.  
7.2.5 Data Analysis. Missing data was not imputed; cases with missing data 
were excluded pairwise in all analyses. ‘Forced entry’ was used for all items in the 
main measures in Qualtrics, meaning missing data only occurred when participants 
declined to continue the survey; there were no missing data for individual items on 
completed scales. Analysis was conducted using IBM SPSS Statistics version 24.  
Checks for group differences between years and universities were performed 
using Pearson’s chi-square test and Fisher’s exact test for the categorical demographic 
variables. Kruskal-Wallis tests were used to check for group differences in behaviour, 
knowledge, and beliefs between universities for the early years students; significant 
results were followed up using pairwise comparisons. Friedman’s ANOVAs were 
used to compare within-participant differences in beliefs about different groups for 
both the early years sample and the later years sample; these tests were also followed 
up using pairwise comparisons. Potential differences between early and later years 
students’ behaviour, knowledge, and beliefs were explored using Mann-Whitney tests 
within the Surrey cohort data only. 
7.2.6 Ethics. Participants were not recruited from a vulnerable or patient 
population and were not at significant risk during the study. Participants were given 
contact details for the research team. Informed consent was taken and recorded online 
via Qualtrics; participants needed to indicate they agreed with all required statements 
before they could commence the survey. Consent records and all survey data collected 
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are held electronically in line with University requirements and current data 
protection regulations. The study was self-assessed by SG for ethical approval, in line 
with the University of Surrey’s ethical review procedures. Appropriate approval was 
also gained from the University of Bristol and the University of Liverpool to recruit 
students from their veterinary schools (see Appendix AE).  
Participants were advised that taking part was voluntary, and they could 
choose not to participate without providing a reason. Due to the nature of data 
collection (a large group completed the survey at the same time, and each survey 
response was anonymous, with no identifiable personal data collected), there was no 
way of offering participants the chance to withdraw once they had commenced the 
survey (although they could choose not to continue to the end). This was made clear 
in the information sheet and consent form. The study has been reported in line with 
the STROBE checklist (von Elm et al., 2007).  
  
7.3 Results 
Participants were early years (first- and second-year) undergraduate vet 
students from the University of Bristol (n = 237), the University of Liverpool (n = 
65), and the University of Surrey (n = 158); later years (third- and fourth-year) 
students at the University of Surrey were also recruited (n = 113). Based on estimates 
for the number of students in each cohort, response rates were as follows: early years 
at Bristol, 79%, early years at Liverpool, 20%, early years at Surrey, 63%, and later 
years at Surrey, 75%. Response rates were lower at Liverpool due to a high profile 
city-wide event on the day of recruitment that affected transport in the city and 
attendance in the lectures. There were no restrictions to participation on the basis of 
gender, ethnicity, or other demographic variable; the only restriction was that 
participants were aged 18 or over. The majority of participants described themselves 
as female (n = 469), most were aged between 18 and 24 years old (n = 526), and most 
described their ethnicity as white (n = 516). See Table 7.2 for full demographic details 
for the whole sample. 
The survey link was accessed by 593 participants; 16 participants did not 
progress beyond the information sheet and consent form, and two participants 
completed demographic information only. The completed responses from two other 
participants were excluded: one person reported being in their fifth-year (i.e
 240 
clinical placement year) and were from another university, and one person reported 
being aged 12-17 years old. This left 573 participants who completed at least the 
questions about antibiotic-related behaviour; 534 participants completed all four 
measures. The knowledge scales were completed by 566 participants, the 
responsibility for causing ABR scales were completed by 545 participants, and the 
responsibility for preventing ABR scales were completed by 543 participants.  
7.3.1 Demographic Checks. Cell frequencies were examined for 
demographic variables by year group and by university. Except for year of study by 
university, no variable met requirements for minimum expected cell counts; 
demographic baseline differences between year groups and between universities were 
therefore assessed using Fisher’s exact test (except for year of study by university, 
which was assessed using Pearson’s chi-square test). There were no significant 
differences between year groups or universities at baseline on any demographic 
variable (see Tables 7.3 and 7.4 for details).  
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Table 7.2 
Demographic Details for Whole Student Sample  
Characteristic 
Individuals  
(n = 573) 
Percentage of 
Sample 
Age (Years)   
18 - 24 526 91.80 
25 - 34 37 6.46 
35 - 44 4 0.70 
45 - 54 1 0.17 
55 - 64 2 0.35 
65 and Over 1 0.17 
Prefer Not to Say 2 0.35 
Gender   
Female 469   81.85 
Male 99  17.28  
Other 1  0.17  
Prefer Not to Say 4  0.70  
Ethnicity*   
White 516  90.05 
Black 1  0.17  
Asian 23  4.01  
Mixed 26  4.54  
Other 3  0.52  
Prefer Not to Say 4  0.70  
University*   
Bristol 237  41.36  
Liverpool 65  11.34 
Surrey 271  47.29  
Year of Study   
First 260  45.38  
Second 200  34.90  
Third (Surrey Only) 60  10.47  
Fourth (Surrey Only) 53  9.25 
Note. *Percentages do not exactly total 100% due to rounding. 
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Table 7.3 
Demographic Variables for Whole Sample by Study Year and Significance Checks for Group Differences  
 Number of Participants per Study Year (Percentage of Sample)  Test of Difference 
Measure 
First 
(n = 260) 
Second 
(n = 200) 
Third 
(n = 60) 
Fourth 
(n = 53) 
 
Fisher’s Exact Test p 
Age (Years; n = 573)      15.14 .71 
18 - 24 240 (45.6) 186 (35.4) 53 (10.1) 47 (8.9)    
25 – 34* 15 (40.5) 11 (29.7) 6 (16.2) 5 (13.5)    
35 - 44 2 (50.0) 1 (25.0) 1 (25.0) 0 (0.0)    
45 – 54 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)    
55 - 64 1 (50.0) 0 (0.0) 0 (0.0) 1 (50.0)    
65 and Over 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)    
Prefer Not to Say 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0)    
Gender (n = 573)      8.82 .44 
Female 216 (46.1) 167 (35.6) 46 (9.8) 40 (8.5)    
Male* 42 (42.4) 30 (30.3) 14 (14.1) 13 (13.1)    
Other 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)    
Prefer Not to Say 1 (25.0) 3 (75.0) 0 (0.0) 0 (0.0)    
Ethnicity (n = 573)      16.53 .26 
White* 230 (44.6) 185 (35.9) 55 (10.7) 46 (8.9)    
Black 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)    
Asian* 13 (56.5) 5 (21.7) 2 (8.7) 3 (13.0)    
Mixed 15 (57.7) 7 (26.9) 3 (11.5) 1 (3.8)    
Other 0 (0.0) 1 (33.3) 0 (0.0) 2 (66.7)    
Prefer Not to Say 1 (25.00) 2 (50.0) 0 (0.0) 1 (25.0)    
Note. *Percentages do not exactly total 100% due to rounding.  
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Table 7.4 
Demographic Variables for Whole Sample by University and Significance Checks for Group Differences  
 Number of Participants per University (Percentage of Sample)  Test of Difference 
Measure 
Bristol 
(n = 237) 
Liverpool 
(n = 65) 
Surrey 
(n = 271) 
 
Fisher’s Exact Test p 
Age (Years; n = 573)     13.44 .24 
18 - 24 224 (42.6) 61 (11.6) 241 (45.8)    
25 - 34 11 (29.7) 4 (10.8) 22 (59.5)    
35 - 44 0 (0.0) 0 (0.0) 4 (100.0)    
45 - 54 1 (100.0) 0 (0.0) 0 (0.0)    
55 - 64 0 (0.0) 0 (0.0) 2 (100.0)    
65 and Over 1 (100.0) 0 (0.0) 0 (0.0)    
Prefer Not to Say 0 (0.0) 0 (0.0) 2 (100.0)    
Gender (n = 573)     3.11 .89 
Female 193 (41.2) 56 (11.9) 220 (46.9)    
Male 43 (43.4) 9 (9.1) 47 (47.5)    
Other 0 (0.0) 0 (0.0) 1 (100.0)    
Prefer Not to Say 1 (25.0) 0 (0.0) 3 (75.0)    
Ethnicity (n = 573)     8.14 .60 
White 214 (41.5) 59 (11.4) 243 (47.1)    
Black 0 (0.0) 0 (0.0) 1 (100.0)    
Asian 13 (56.5) 2 (8.7) 8 (34.8)    
Mixed* 9 (34.6) 3 (11.5) 14 (53.8)    
Other 0 (0.0) 0 (0.0) 3 (100.0)    
Prefer Not to Say 1 (25.0) 1 (25.0) 2 (50.0)    
Year of Study (n = 460)     2.31** .31 
First 126 (48.5) 38 (14.6) 96 (36.9)    
Second 111 (55.5) 27 (13.5) 62 (31.0)    
Note. *Percentages do not exactly total 100% due to rounding. **Value for Pearson’s chi-square test reported  
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7.3.2 Behaviour. 
7.3.2.1 Early years. Amongst early years vet students at Bristol, Liverpool, 
and Surrey, most reported responsible use of antibiotics for the three questions asked 
(see Table 7.5). The vast majority reported never taking antibiotics to help them get 
better more quickly from a cold (86.5%) or to prevent symptoms from getting worse 
when they had a cold (90.0%). Although most early years students reported never 
stopping taking antibiotics when they started feeling better (78.7%), 15.0% did report 
that they sometimes, often, or always stopped taking antibiotics when they started 
feeling better. The mean behavioural scores for both behavioural measures were low 
(see Table 7.6), indicating that most early years students reported never performing 
these behaviours. Differences between universities were checked for using Kruskal-
Wallis tests, as both behavioural outcome measures had skewed distributions (see 
Appendix AF). There were no significant differences in self-reported behaviour 
amongst early years students between universities on either the symptom 
management, H(2) = 5.26, p = .072, or treatment cessation, H(2) = 1.82, p = .40, 
measures.   
 
Table 7.5 
Frequency of Self-Reported Behaviours across Early Years Students (n = 460) 
 Number of Participants (Percentage of Sample) 
Item 
Never 
[1] 
Occasio-
nally  
[2] 
Some-
times  
[3] 
Often 
[4] 
Always 
[5] 
Symptom Management      
When I get a cold, I will take 
antibiotics to help me get better 
more quickly* 
398 
(86.52) 
41 
(8.91) 
15 
(3.26) 
6  
(1.30) 
0 
(0.00) 
When I get a cold, I will take 
antibiotics to prevent my 
symptoms from getting worse 
414 
(90.00) 
29 
(6.30) 
9  
(1.96) 
7  
(1.52) 
1  
(0.22) 
Treatment Cessation      
I normally stop taking 
antibiotics when I start feeling 
better 
362 
(78.70) 
29 
(6.30) 
27 
(5.87) 
12 
(2.61) 
30 
(6.52) 
Note. *Percentages do not exactly total 100% due to rounding. 
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Table 7.6 
Mean Behaviour Scores for Early Years Students and by University (n = 460) 
  University 
 
Whole Sample 
(n = 460) 
Bristol 
(n = 237) 
Liverpool 
(n = 65) 
Surrey 
(n = 158) 
Measure 
Mean 
(SD) 
BCa 
95% 
CI 
Mean 
(SD) 
BCa 
95% 
CI 
Mean 
(SD) 
BCa 
95% 
CI 
Mean 
(SD) 
BCa 
95% 
CI 
Symptom 
Management  
1.18 
(0.50) 
[1.13, 
1.22] 
1.14 
(0.42) 
[1.10, 
1.20] 
1.28 
(0.61) 
[1.16, 
1.44] 
1.18 
(0.56) 
[1.10, 
1.27] 
Treatment 
Cessation  
1.52 
(1.14) 
[1.42, 
1.63] 
1.54 
(1.18) 
[1.40, 
1.70] 
1.62 
(1.20) 
[1.36, 
1.90] 
1.45 
(1.06) 
[1.30, 
1.62] 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals. SD = Standard 
deviation.  
 
7.3.2.2 Later years. Amongst later years vet students at Surrey, almost all 
reported responsible use of antibiotics for all three questions asked (see Table 7.7). 
No later years students responded often or always to the two symptom management 
questions; 92.9% reported never taking antibiotics to help them get better more 
quickly from a cold and 94.7% reported never taking antibiotics to prevent symptoms 
from getting worse when they had a cold. The vast majority of later years students 
reported never stopping taking antibiotics when they started feeling better (85.8%), 
with only 7.1% reporting that they sometimes, often, or always stopped taking 
antibiotics when they started feeling better. The mean behavioural scores for both 
behavioural measures were low (see Table 7.8); the vast majority of later years 
students at Surrey reported never performing these behaviours.  
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Table 7.7 
Frequency of Self-Reported Behaviours across Later Years Students at University of 
Surrey (n = 113) 
 Number of Participants (Percentage of Sample) 
Item 
Never 
[1] 
Occasio-
nally  
[2] 
Some-
times  
[3] 
Often 
[4] 
Always 
[5] 
Symptom Management      
When I get a cold, I will take 
antibiotics to help me get better 
more quickly* 
105 
(92.92) 
7  
(6.19) 
1  
(0.88) 
0  
(0.00) 
0  
(0.00) 
When I get a cold, I will take 
antibiotics to prevent my 
symptoms from getting worse* 
107 
(94.69) 
5  
(4.42) 
1  
(0.88) 
0  
(0.00) 
0  
(0.00) 
Treatment Cessation      
I normally stop taking 
antibiotics when I start feeling 
better 
97 
(85.84) 
8  
(7.08) 
2  
(1.77) 
2  
(1.77) 
4  
(3.54) 
Note. *Percentages do not exactly total 100% due to rounding. 
 
Table 7.8 
Mean Behaviour Scores for Later Years Students at University of Surrey (n = 113) 
Measure Mean 
Standard 
Deviation 
Lower BCa 
95% CI 
Upper BCa 
95% CI 
Symptom Management  1.07 0.25 1.03 1.12 
Treatment Cessation  1.30 0.89 1.17 1.45 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals.  
 
7.3.2.3 Differences in behaviour between early and later years. To explore 
whether behaviour differed between early and later years students at Surrey (n = 271), 
two Mann-Whitney tests were conducted, as all behavioural measures were skewed 
(see Appendix AF). Despite lower mean scores amongst the later years students for 
both behavioural measures, there was no statistically significant difference in self-
reported symptom management behaviour (U = 8,622.50, z = 0.84, p = .40, r = .05) or 
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self-reported treatment cessation behaviour (U = 8,463.00, z = 1.12 p = .26, r = .07) 
between the two groups of students.  
7.3.3 Knowledge. 
7.3.3.1 Early years. Knowledge about antibiotics and ABR amongst this 
sample was considered moderate. The mean knowledge score across early years vet 
students was 6.67 (see Table 7.9), with 58.7% of early years students providing the 
correct answer for seven or eight of the eight knowledge items (good knowledge) and 
37.7% providing the correct answer for five or six items (moderate knowledge). The 
number of correct items ranged from three to eight (see Figure 7.1). Almost all of 
these students knew that ABR could threaten human and animal welfare (99.6%) and 
that misuse of antibiotics could lead to ABR (99.8%). Knowledge scores were lower 
regarding the spread of ABR and regarding potential harms from antibiotic treatment: 
only 66.9% of early years students knew that ABR can spread between bacteria and 
only 60.3% knew that antibiotic treatment can be harmful to patients (see Table 7.10). 
Differences in knowledge between universities were checked for using a Kruskal-
Wallis test, as total knowledge was skewed (see Appendix AF). There were no 
significant differences between early years students from different universities on the 
total knowledge measure, (H(2) = 4.12, p = .13). 
 
Table 7.9 
Mean Knowledge Scores for Whole Early Years Sample and by University (n = 453) 
  University 
 
Whole Sample 
(n = 453) 
Bristol 
(n = 237) 
Liverpool 
(n = 62) 
Surrey 
(n = 154) 
Measure 
Mean 
(SD) 
BCa 
95% 
CI 
Mean 
(SD) 
BCa 
95% 
CI 
Mean 
(SD) 
BCa 
95% 
CI 
Mean 
(SD) 
BCa 
95% 
CI 
Knowledge  
6.67 
(1.05) 
[6.57, 
6.77] 
6.58 
(1.01) 
[6.43, 
6.72] 
6.81 
(1.02) 
[6.57, 
7.05] 
6.74 
(1.12) 
[6.57, 
6.91] 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals. SD = Standard 
deviation.  
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Figure 7.1. Knowledge scores for all early years students. 
 
Table 7.10 
Rates of Correct Knowledge across Whole Early Years Sample (n = 453) 
 
Number of Participants  
(Percentage of Sample) 
Item [Correct Answer] Correct  
Incorrect or Don’t 
Know 
Antibiotics can treat bacterial infections [true] 432 (95.36) 21 (4.64) 
Antibiotics are useful for colds and flu [false] 366 (80.79) 87 (19.21) 
‘Antibiotic resistance’ describes how bacteria 
avoid being killed by antibiotics [true] 377 (83.22) 76 (16.78) 
‘Antibiotic resistance’ describes humans 
becoming immune to antibiotics [false] 366 (80.79) 87 (19.21) 
Misuse of antibiotics can lead to antibiotic 
resistance [true] 452 (99.78) 1 (0.22) 
Antibiotic resistance can spread between 
bacteria [true] 303 (66.89) 150 (33.11) 
Patients (both humans and animals) may be 
harmed from antibiotic treatment [true] 273 (60.26) 180 (39.74) 
Antibiotic resistance could threaten both 
human and animal welfare [true] 451 (99.56) 2 (0.44) 
0 0 0 1
15
40
131
157
109
0
20
40
60
80
100
120
140
160
180
0 1 2 3 4 5 6 7 8
N
um
be
r o
f P
ar
tic
ip
an
ts
Number of Correct Answers
 249 
7.3.3.2 Later years. Knowledge about antibiotics and ABR amongst later 
years students was considered good. The mean knowledge score was 7.25 (s = 0.84, 
lower BCa 95% CI = 7.08, upper BCa 95% CI = 7.40), with 82.3% providing the 
correct answer for seven or eight knowledge items and 16.9% providing the correct 
answer for five or six items; the number of correct items ranged from four to eight 
(see Figure 7.2). There were three apparent knowledge gaps, where fewer later years 
participants provided the correct answer: only 79.7% knew that antibiotics are not 
useful for colds and flu, only 85.0% knew that ‘antibiotic resistance’ does not 
describe humans becoming immune to antibiotics, and only 77.0% knew that 
antibiotic treatment may harm patients (see Table 7.11).  
 
 
Figure 7.2. Knowledge scores for later years students at University of Surrey. 
 
7.3.3.3 Differences in knowledge between early and later years. All 
knowledge scores were skewed (see Appendix AF); a Mann-Whitney test was 
therefore conducted to see whether knowledge differed between early and later years 
students at Surrey (n = 267). Later years students had statistically significantly better 
knowledge than early years students (U = 10,936.50, z = 3.77, p < .001, r = .23).  
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Table 7.11 
Rates of Correct Knowledge across Later Years Students at University of Surrey (n = 
113) 
 
Number of Participants  
(Percentage of Sample) 
Item [Correct Answer] Correct  
Incorrect or Don’t 
Know 
Antibiotics can treat bacterial infections [true] 111 (98.23) 2 (1.77) 
Antibiotics are useful for colds and flu [false] 90 (79.65) 23 (20.35) 
‘Antibiotic resistance’ describes how bacteria 
avoid being killed by antibiotics [true] 104 (92.04) 9 (7.96) 
‘Antibiotic resistance’ describes humans 
becoming immune to antibiotics [false] 96 (84.96) 17 (15.04) 
Misuse of antibiotics can lead to antibiotic 
resistance [true] 113 (100.00) 0 (0.00) 
Antibiotic resistance can spread between 
bacteria [true] 106 (93.81) 7 (6.19) 
Patients (both humans and animals) may be 
harmed from antibiotic treatment [true] 87 (76.99) 26 (23.01) 
Antibiotic resistance could threaten both 
human and animal welfare [true] 112 (99.12) 1 (0.88) 
 
7.3.4 Beliefs.  
7.3.4.1 Early years. Checks for differences in beliefs between universities 
amongst early years students were conducted using Kruskal-Wallis tests, as the 
distribution of scores for all eight cause and prevent ABR subscales were not 
normally distributed (see Appendix AF). There were no differences in beliefs between 
universities on five of the subscales, but there were differences on three of the 
subscales (see Tables 7.12 and 7.13). These were explored using pairwise 
comparisons with adjusted p values. For all three subscales, there were significant 
differences between Surrey and Bristol students, but not between Surrey and 
Liverpool students or Liverpool and Bristol students. Effect sizes were small, but 
compared to Bristol early years students, Surrey early years students had higher mean 
beliefs that 1) public/patients have responsibility for causing ABR, p = .003, r = .17 
(Surrey versus Liverpool, p = .067, r = .16; Bristol versus Liverpool, p = 1.00, r = 
.002), 2) public/patients have responsibility for preventing ABR, p = .044, r = .13 
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(Surrey versus Liverpool, p = 1.00, r = .04; Bristol versus Liverpool, p = .83, r = .06), 
and 3) animal owners have responsibility for preventing ABR, p = .012, r = .15 
(Surrey versus Liverpool, p = .22, r = .13; Bristol versus Liverpool, p = 1.00, r = .01).  
To explore whether early years students believed that any group might be 
more or less responsible for either causing or preventing ABR, two Friedman’s 
ANOVAs were conducted. Across the whole sample of early years students, there 
were significant differences in vet students’ beliefs about the level of responsibility 
between groups for both causing ABR, χ2(3) = 277.60, p < .001, and preventing ABR 
χ2(3) = 219.04, p < .001. These differences were explored using pairwise comparisons 
with adjusted p values.  
Early years students believed that vets were significantly less responsible for 
causing ABR compared to animal owners, human medics, and the public/patients (all 
p < .001). The differences in beliefs about these different groups represented medium 
effect sizes (see Table 7.14). Early years students also believed that the 
public/patients were more responsible for causing AMR compared to human medics 
(p = .045), although this was represented by a very small effect size. They did not 
believe there was any difference in responsibility for causing ABR between animal 
owners and human medics (p = 1.00) or between animal owners and the 
public/patients (p = .42). Early years vet students believe that the public/patients have 
most responsibility for causing ABR, followed by animal owners and human medics, 
with vets having the least responsibility for causing ABR (see Figure 7.3). 
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Table 7.12 
Mean Beliefs (Responsibility for Causing ABR) for Whole Early Years Sample and by University (n = 436) 
  University   
 
Whole Sample 
(n = 436) 
Bristol 
(n = 233) 
Liverpool 
(n = 59) 
Surrey 
(n = 144)  
Test of Difference 
Between Universities  
Measure 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
 Kruskal-
Wallis 
H (df) p 
Healthcare 
Professionals 
4.05 
(0.67) 
[3.99, 
4.12] 
4.02 
(0.65) 
[3.94, 
4.10] 
4.08 
(0.77) 
[3.85, 
4.30] 
4.09 
(0.66) 
[3.99, 
4.20]  1.22 (2) .54 
Public/Patients 
4.14 
(0.69) 
[4.06, 
4.20] 
4.08 
(0.66) 
[3.99, 
4.17] 
4.00 
(0.85) 
[3.80, 
4.19] 
4.29 
(0.65) 
[4.17, 
4.40]  11.71 (2) .003 
Vets 
3.64 
(0.66) 
[3.59, 
3.69] 
3.61 
(0.60) 
[3.54, 
3.68] 
3.64 
(0.78) 
[3.45, 
3.84] 
3.69 
(0.69) 
[3.56, 
3.80]  2.01 (2) .37 
Animal Owners 
4.06 
(0.69) 
[4.00, 
4.13] 
4.04 
(0.65) 
[3.95, 
4.13] 
3.91 
(0.84) 
[3.68, 
4.13] 
4.16 
(0.69) 
[4.05, 
4.29]  5.55 (2) .062 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-corrected and accelerated bootstrap confidence intervals. 
df = Degrees of freedom. SD = Standard deviation. 
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Table 7.13 
Mean Beliefs (Responsibility for Preventing ABR) for Whole Early Years Sample and by University (n = 435)  
  University   
 
Whole Sample 
(n = 435) 
Bristol 
(n = 234) 
Liverpool 
(n = 58) 
Surrey 
(n = 143)  
Test of Difference 
Between Universities  
Measure 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
Mean 
(SD) 
BCa 95% 
CI 
 Kruskal-
Wallis 
H (df) p 
Healthcare 
Professionals 
4.27 
(0.68) 
[4.21, 
4.33] 
4.20 
(0.73) 
[4.10, 
4.31] 
4.34 
(0.71) 
[4.15, 
4.50] 
4.35 
(0.59) 
[4.25, 
4.44]  4.43 (2) .11 
Public/Patients 
4.30 
(0.67) 
[4.23, 
4.36] 
4.23 
(0.71) 
[4.13, 
4.32] 
4.29 
(0.75) 
[4.09, 
4.49] 
4.42 
(0.55) 
[4.32, 
4.51]  6.13 (2) .047 
Vets 
4.12 
(0.68) 
[4.06, 
4.18] 
4.09 
(0.70) 
[4.00, 
4.17] 
4.16 
(0.73) 
[3.98, 
4.34] 
4.17 
(0.64) 
[4.07, 
4.26]  1.30 (2) .52 
Animal Owners 
4.52 
(0.63) 
[4.45, 
4.58] 
4.47 
(0.66) 
[4.37, 
4.56] 
4.42 
(0.75) 
[4.20, 
4.60] 
4.64 
(0.52) 
[4.56, 
4,72]  8.64 (2) .013 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-corrected and accelerated bootstrap confidence intervals. 
df = Degrees of freedom. SD = Standard deviation. 
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Table 7.14 
Pairwise Comparisons for Early Years Vet Students’ Beliefs about Groups’ 
Responsibilities for Causing ABR (n = 436) 
Comparison 
Mean 
Difference 
Std. Test 
Statistic Adj. p r 
Vets v. Animal Owners  -0.42 12.01 < .001 .41 
Vets v. Human Medics -0.41 11.15 < .001 .38 
Vets v. Public/Patients -0.50 13.82 < .001 .47 
Animal Owners v. Human Medics 0.01 0.87 1.00 .03 
Animal Owners v. Public/Patients -0.08 1.81 .42 .06 
Human Medics v. Public/Patients -0.09 2.68 .045 .09 
Note. Adj. = Adjusted. Std. = Standardised. V. = Versus. 
 
 
Figure 7.3. Mean beliefs about responsibility for causing ABR by group amongst 
early years students. Vets designated as reference group; * denotes significant 
difference from reference group at p < .001. Error bars represent 95% bias-corrected 
and accelerated bootstrap confidence intervals. 
 
Early years students also believed that vets were significantly less responsible 
for preventing ABR compared to animal owners, human medics, and the 
public/patients (all p < .001). The differences in beliefs about these different groups 
represented small to medium effect sizes (see Table 7.15). Early years students also 
believed that animal owners were more responsible for preventing ABR compared to 
human medics (p < .001) and compared to the public/patients (p < .001); these 
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differences were both small effect sizes. They did not believe there was any 
difference in responsibility for preventing ABR between human medics and the 
public/patients (p = 1.00). Early years vet students believe that animal owners have 
most responsibility for preventing ABR, followed by the public/patients, then human 
medics, with vets having the least responsibility for preventing ABR (see Figure 7.4). 
 
Table 7.15 
Pairwise Comparisons for Early Years Vet Students’ Beliefs about Groups’ 
Responsibilities for Preventing ABR (n = 435) 
Comparison 
Mean 
Difference 
Std. Test 
Statistic Adj. p r 
Vets v. Animal Owners  -0.40 12.74 < .001 .43 
Vets v. Human Medics -0.15 4.49 < .001 .15 
Vets v. Public/Patients -0.18 5.78 < .001 .20 
Animal Owners v. Human Medics 0.25 8.25 < .001 .28 
Animal Owners v. Public/Patients 0.22 6.96 < .001 .24 
Human Medics v. Public/Patients -0.03 1.29 1.00 .04 
Note. Adj. = Adjusted. Std. = Standardised. V. = Versus. 
 
 
Figure 7.4. Mean beliefs about responsibility for preventing ABR by group amongst 
early years students. Vets designated as reference group; * denotes significant 
difference from reference group at p < .001. Error bars represent 95% bias-corrected 
and accelerated bootstrap confidence intervals. 
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7.3.4.2 Later years. Mean levels of later years students’ beliefs about which 
groups have responsibility for causing and preventing ABR are reported in Table 
7.16. To explore whether later years students believed that any group might be more 
or less responsible for either causing or preventing ABR, two Friedman’s ANOVAs 
were conducted. Across later years students, there were significant differences in 
beliefs about the level of responsibility between groups for both causing ABR, χ2(3) = 
91.35, p < .001, and preventing ABR χ2(3) = 19.49, p < .001. These differences were 
explored using pairwise comparisons with adjusted p values.  
 
Table 7.16 
Mean Beliefs for Later Years University of Surrey Students (n = 106) 
Measure Mean 
Standard 
Deviation 
Lower BCa 
95% CI 
Upper BCa 
95% CI 
Responsibility for Causing ABR     
Healthcare Professionals 3.93 0.73 3.80 4.06 
Public/Patients 4.22 0.64 4.09 4.33 
Vets 3.60 0.63 3.48 3.71 
Animal Owners 4.10 0.71 3.96 4.22 
Responsibility for Preventing ABR     
Healthcare Professionals 4.33 0.67 4.20 4.45 
Public/Patients 4.32 0.66 4.17 4.44 
Vets 4.25 0.67 4.11 4.36 
Animal Owners 4.45 0.63 4.32 4.56 
Note. Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% 
bias-corrected and accelerated bootstrap confidence intervals.  
 
Later years students believed that vets were significantly less responsible for 
causing ABR compared to animal owners, human medics, and the public/patients (all 
p < .001). The differences in beliefs about these different groups ranged from medium 
to large effect sizes (see Table 7.17). Later years students also believed that the 
public/patients were more responsible for causing ABR than human medics (p = 
.001), which was represented by a small effect size. Later years students did not 
believe there was any difference in responsibility for causing ABR between animal 
owners and human medics (p = .11) or between animal owners and the public/patients 
(p = .99). Later years vet students believe that the public/patients have most 
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responsibility for causing ABR, followed by animal owners and human medics, with 
vets having the least responsibility for causing ABR (see Figure 7.5).  
 
Table 7.17 
Pairwise Comparisons for Later Years Vet Students’ Beliefs about Groups’ 
Responsibilities for Causing ABR (n = 106) 
Comparison 
Mean 
Difference 
Std. Test 
Statistic Adj. p r 
Vets v. Animal Owners  -0.50 6.79 < .001 .47 
Vets v. Human Medics -0.33 4.43 < .001 .30 
Vets v. Public/Patients -0.62 8.18 <. 001 .56 
Animal Owners v. Human Medics 0.17 2.36 .11 .16 
Animal Owners v. Public/Patients -0.12 1.39 .99 .10 
Human Medics v. Public/Patients -0.29 3.75 .001 .26 
Note. Adj. = Adjusted. Std. = Standardised. V. = Versus. 
 
 
Figure 7.5. Mean beliefs about responsibility for causing ABR by group amongst 
later years students. Vets designated as reference group; * denotes significant 
difference from reference group at p < .001. Error bars represent 95% bias-corrected 
and accelerated bootstrap confidence intervals. 
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later years students believe that groups mostly have similar levels of responsibility for 
preventing ABR, but that animal owners have more responsibility for preventing 
ABR than do vets (see Figure 7.6).  
 
Table 7.18 
Pairwise Comparisons for Later Years Vet Students’ Beliefs about Groups’ 
Responsibilities for Preventing ABR (n = 106) 
Comparison 
Mean 
Difference 
Std. Test 
Statistic Adj. p r 
Vets v. Animal Owners  -0.20 3.74 .001 0.26 
Vets v. Human Medics -0.08 1.71 .52 0.12 
Vets v. Public/Patients -0.07 1.29 1.00 0.09 
Animal Owners v. Human Medics 0.12 2.03 .26 0.14 
Animal Owners v. Public/Patients 0.13 2.45 .086 0.17 
Human Medics v. Public/Patients 0.01 0.42 .26 0.03 
Note. Adj. = Adjusted. Std. = Standardised. V. = Versus. 
 
 
Figure 7.6. Mean beliefs about responsibility for preventing ABR by group amongst 
later years students. Vets designated as reference group; * denotes significant 
difference from reference group at p < .001. Error bars represent 95% bias-corrected 
and accelerated bootstrap confidence intervals. 
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the levels of responsibility each group has for causing and preventing ABR between 
early and later years students at Surrey (see Table 7.19). Beliefs about the amount of 
responsibility each of the four groups have for both causing and preventing ABR did 
not differ significantly between early and later years vet students, with the exception 
of the level of responsibility that students believed animal owners have for preventing 
ABR (U = 6,283.50, z = 2.67, p = .008, r = .17). Early years students had higher mean 
beliefs (mean = 4.52) that animal owners were responsible for preventing ABR than 
did later years students (mean = 4.45). 
 
Table 7.19 
Mann-Whitney Tests for Differences in Beliefs between Early and Later Years 
University of Surrey Students 
Measure U z p r 
Responsibility for Causing ABR (n = 253)     
Healthcare Professionals 6,931.50 1.61 .11 .10 
Public/Patients 7,215.50 1.12 .27 .07 
Vets 7,241.50 1.07 .29 .07 
Animal Owners 7,307.50 0.95 .34 .06 
Responsibility for Preventing ABR (n = 251)     
Healthcare Professionals 7,796.00 0.13 .90 .008 
Public/Patients 7,165.50 1.00 .32 .06 
Vets 8,389.50 1.19 .24 .08 
Animal Owners 6,283.50 2.67 .008 .17 
 
7.4 Discussion 
This cross-sectional survey set out to quantitatively assess the self-reported 
behaviour, knowledge, and beliefs about ABR and antibiotic usage amongst 
undergraduate vet students from three universities in the UK. The key findings were 
that behaviour was mostly responsible amongst both early and later years students, 
knowledge was moderate amongst early years students and good amongst later years 
students, and both early and later years students believed that vets had less 
responsibility for causing and preventing ABR than all other groups.  
Self-reported antibiotic usage behaviours were judged to be responsible in the 
majority of early years students across all three universities and in the majority of 
later years students at Surrey, and there were no significant differences in the mean 
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behaviour scores between the early and later years students at Surrey. There were, 
however, some students who reported inappropriate usage behaviours. Amongst all 
early years students, 21.3% reported stopping antibiotic courses when they started to 
feel better, and 13.5% reported taking antibiotics to help them feel better more 
quickly when they had a cold. Amongst, later year students, these proportions were 
14.2% and 7.1% respectively. This current study appears to represent the first time 
that vet students as a defined group have been surveyed about their own antibiotic 
use. In one other survey of vet students and human healthcare students, out of 86 who 
reported using oral antibiotics in the previous twelve months, only five reported 
inappropriate behaviour (Dyar, Hills, et al., 2018); this study did not, however, 
identify these students by their medical discipline. Other studies that have looked at 
antimicrobial usage by medical students have been conducted in countries where 
access to antimicrobials without prescription is more common than in the UK, and 
these studies have found that medical students do self-medicate with antimicrobials 
(Lv et al., 2014; Zafar et al., 2008).  
Knowledge about ABR was significantly better amongst the later years 
students at Surrey than amongst the early years students at Surrey. Later years 
students were judged to have good knowledge overall, with 82.3% correctly 
answering seven or eight of the eight knowledge questions. Amongst all early years 
students, knowledge was judged to be moderate, with only 58.7% correctly answering 
seven or eight of the knowledge questions. Three key knowledge gaps identified 
amongst both early and later years vet students were not knowing that antibiotics are 
not useful for colds and flu, not knowing that human and animal patients can be 
harmed from antibiotic treatment, and not knowing that ABR does not describe 
humans becoming immune to antibiotics. Two further knowledge gaps amongst early 
years students were not knowing that ABR refers to how bacteria avoid being killed 
by antibiotics, and not knowing that ABR can spread between bacteria. Knowledge 
gaps relating to ABR have been identified in other surveys of vet and medical 
students (Dyar, Hills, et al., 2018; Lv et al., 2014; Seid & Hussen, 2018). 
Both early years and later years vet students believe that vets have less 
responsibility for causing ABR than do animal owners, human medics, and the public. 
Early years students also believe that vets have less responsibility for preventing ABR 
than these other three groups. Later years students believe that vets have the same 
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responsibility for preventing ABR as do human medics and the public, but that animal 
owners have more responsibility for preventing ABR. These patterns of beliefs about 
responsibility for causing and preventing ABR amongst vet students echo the patterns 
of beliefs about responsibility for AMR found amongst practicing farm vets in Study 
Five (Chapter Six). The findings from these two cross-sectional surveys suggest that 
both vets and vet students appear to locate more of the blame for AMR or ABR with 
other groups and locate greater responsibility for stewardship with other groups.  
As with practicing doctors and vets, vet students therefore appear to consider 
their own (future) prescribing to be less of a contributor to AMR than that of other 
prescribers. Similar findings have also been found for medical students. For example, 
almost all medical students in one survey in South Africa agreed that AMR was a 
problem in South Africa, but only 63% felt that overuse of antimicrobials was a 
problem in their own hospital (Wasserman et al., 2017). In a recent survey of vet and 
human healthcare students from across 25 UK universities, 95% thought AMR would 
be a problem for their future practice, but only 69% believed that the antimicrobials 
they would prescribe would contribute to the problem of AMR (Dyar, Hills, et al., 
2018).  
7.4.1 Limitations. There are three limitations to this study that are related to 
the finding that knowledge was better amongst later years students. First, as measures 
were not taken from vet students at Surrey at multiple points throughout their course, 
there is the possibility that the difference in knowledge between early and later years 
students may be a cohort effect, rather than a potential increase in knowledge as 
students have progressed with their studies. Second, later years students were only 
recruited at Surrey, and not at Bristol or Liverpool; had data been collected for later 
years students across all three universities, greater confidence could have been placed 
in the findings, if there remained a difference in knowledge between the early and 
later years students across all three universities. Third, no assessment was made 
regarding curriculum content at any of the three universities. Through informal 
discussions with veterinary medicine lecturers at the universities, it was understood 
that early years students would not have covered AMR or responsible antimicrobial 
usage in any great detail. As curriculum content was not assessed, however, it is 
possible that the differences in knowledge between the early and later years students 
at Surrey may have been due to differences in curriculum content.  
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 Additional limitations relate to the generalisability of the findings to other vet 
students. There are currently eight universities in the UK running undergraduate 
veterinary medicine training, so the findings from this survey may not generalise 
across the other five vet schools. Furthermore, these findings are likely to be less 
generalisable outside of a UK context, as training courses for veterinarians in other 
countries can have different lengths and curriculum content compared to UK courses.  
7.4.2 Implications. The findings from this cross-sectional survey of vet 
students at three UK universities provide additional evidence of the potential for 
other-blaming for the problem of ABR and AMR, as evidenced in the study of 
practicing farm vets (Study Five, Chapter Six). Vet students in this study believe that 
vets have less responsibility than other groups for both causing and preventing ABR. 
Educators need to be aware of this tendency amongst both students and practicing 
prescribers to locate the problem of ABR or AMR and the responsibility for 
stewardship with other groups. One possible intervention to help reduce some of this 
tendency to other-blame is to ensure that a One Health approach is embedded across 
the curriculum for vet students and medical students, especially in areas where there 
is considerable potential for overlap between veterinary and human medicine such as 
AMR. One Health is especially relevant for AMR, but is also relevant for other areas 
of health including mental health, zoonotic diseases, environmental degradation, and 
injury prevention (BVA, 2019b). Vet students and medical students will inevitably 
develop their professional identities as vets or as doctors during their training and 
early careers, but if a One Health approach is embedded in all healthcare curriculums 
then this might help reduce the salience of specific professional identities as students 
transition to prescribers and they begin to encounter clinical situations that they learnt 
about within a One Health framework. There is tentative evidence that this would be 
welcomed by students, especially vet students; in one survey, 69% of vet students, 
and 42% of pharmacy students reported wanting more education on the links between 
human, animal, and environmental health (Dyar, Hills, et al., 2018). 
This study indicates that vet students’ antibiotic usage behaviour is already 
mostly responsible, but that there are some knowledge gaps about ABR that educators 
should ensure are addressed. Beyond addressing basic knowledge about ABR or 
AMR, however, there is also evidence from other research that vet and medical 
students feel there are gaps in their education relating to responsible antimicrobial 
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prescribing (Abbo et al., 2013; Brinkman et al., 2018; Dyar, Hills, et al., 2018; Dyar 
et al., 2013, 2019; Hardefeldt, Nielsen, et al., 2018; Minen et al., 2010) and not all 
medical students feel suitably prepared to practice responsible prescribing (Dyar, 
Nathwani, et al., 2018). There is evidence from an intervention with medical students 
in the Netherlands that an e-learning course designed to improve antimicrobial 
prescribing choices did increase knowledge scores and drug choice in a later 
simulated clinical examination (Sikkens, Caris, et al., 2018). Universities should 
ensure that antimicrobial stewardship and an understanding of AMR is embedded in 
all teaching related to the selection and prescribing of antimicrobials in undergraduate 
courses for vet and medical students, as it appears that current course content on 
antimicrobial stewardship varies (Castro-Sánchez et al., 2016; Rawson et al., 2016). 
Indeed, making antimicrobial stewardship a core component of all training, at all 
levels including continuous professional development, is a key recommendation in the 
WHO’s global action plan on AMR (WHO, 2015). 
7.4.3 Conclusions and next steps. This cross-sectional survey of vet students 
was conducted to assess vet students’ behaviour, knowledge, and beliefs in relation to 
AMR and antimicrobial usage. The results suggest that although self-reported 
behaviour is responsible amongst vet students there were some gaps in their 
knowledge about AMR. Furthermore, the results also indicated that vet students 
believe that vets have less responsibility for causing and preventing AMR than other 
groups. Vet students appear to locate more of the responsibility for AMR and for 
stewardship with animal owners, human medics, and the public. The patterns of 
beliefs are in line with farm vets’ beliefs identified in Study Five (Chapter Six); vets 
in that study also felt they had less responsibility for causing and preventing AMR 
than some other groups. The survey reported in this chapter was the final piece of 
empirical work conducted for this thesis. In the next and final chapter, the general 
discussion for the thesis is presented.  
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Chapter Eight 
General Discussion 
 
This final chapter presents the general discussion of the thesis. First, a brief 
overview of the context for the research and the aims of the thesis are presented 
(section 8.1), followed by a summary of the key findings from each study (section 
8.2). Section 8.3 then outlines the key themes that have been identified across this 
thesis; these key themes have been framed in terms of barriers and facilitators to 
antimicrobial stewardship. This is followed by a consideration of the methodological 
limitations of the thesis (section 8.4). Next, in section 8.5, the theoretical implications 
of the findings are considered, first from a social ecological perspective and then from 
a social identity perspective. In section 8.6, the implications of the findings and key 
thesis themes in relation to research, policy, and practice are outlined, again drawing 
on social ecological and social identity perspectives, followed by a final consideration 
of AMR as a One Health issue. Lastly, in section 8.7, the conclusions of the thesis are 
presented.  
 
8.1 Introduction 
AMR is a global, One Health problem that poses a profound threat to human 
and animal health, and a truly joined-up approach between human and veterinary 
medicine will be required help reduce the threat (OIE, 2016; T. P. Robinson et al., 
2016; WHO, 2015). Efforts are needed across both human and veterinary medicine to 
increase antimicrobial stewardship and reduce inappropriate prescribing and usage by 
doctors, vets, farmers, pet owners, and the general public (FAO, 2016; Laxminarayan 
et al., 2013; Review on AMR, 2016b). It is vital, therefore, to understand the different 
psychological and environmental factors that drive inappropriate prescribing and 
usage behaviours. There is a considerable literature exploring these factors in human 
medicine (e.g. Krockow et al., 2019; Papoutsi et al., 2017; Pinder et al., 2015; Servia-
Dopazo & Figueiras, 2018; Teixeira Rodrigues et al., 2013; Tonkin-Crine et al., 
2011), but there is a relative paucity of research, especially social science-led, that has 
explored these factors in veterinary medicine (Buller et al., 2015). This is despite the 
large volumes of antimicrobials that are used each year in animals, especially in 
livestock (ECDC et al., 2017; Review on AMR, 2015a; Singer et al., 2016). 
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8.1.1 Thesis aims. This thesis therefore sought to help address some of this 
imbalance in the evidence between human and veterinary medicine, by conducting a 
body of empirical work to explore some of the factors that influence prescribing and 
usage behaviours in UK livestock farming. The aims of the thesis were first to 
qualitatively explore farm vets’ and farmers’ beliefs about their prescribing and usage 
behaviours, about AMR, and about antimicrobial stewardship, and to compare beliefs 
between members of the two professions. Following this, the thesis then aimed to 
quantitatively explore the influences of contextual factors, values, and beliefs on farm 
vets’ prescribing. Finally, the thesis aimed to quantitatively explore farm vets’ and vet 
students’ beliefs about their own, and other groups’, responsibilities for causing and 
preventing AMR, as well as assess vet students’ knowledge about AMR and their 
self-reported antimicrobial usage behaviours.  
 
8.2 Summary of Empirical Findings 
Study One (Chapter Two) used a qualitative approach to explore farm vets’ 
beliefs about their antimicrobial prescribing behaviours and their beliefs about AMR 
and antimicrobial stewardship in UK livestock farming. The analysis generated four 
key themes; the first theme ‘The gap between knowledge and behaviour’, was 
explained by the second, third, and fourth themes: ‘Situational factors’, ‘Farmer 
variability’, and ‘Relationship management’. The key findings were that although 
farm vets demonstrated good knowledge about AMR and the need for increased 
stewardship in livestock farming, they expressed concerns about the barriers that they 
felt prevented them from always prescribing in line with stewardship ideals. These 
contextual barriers related to the specific situation on each farm such as economics or 
infrastructure, the variability in farmers’ personalities and abilities, and the need to 
protect and manage their relationships with their farmer clients. The key conclusion 
from this study is that the specific context of the treatment decision is an important 
influence on farm vets’ antimicrobial prescribing behaviours.  
Study Two (Chapter Three) used a qualitative approach to explore farmers’ 
beliefs about their antimicrobial usage behaviours and their beliefs about AMR and 
antimicrobial stewardship in UK livestock farming. Four themes were generated in 
the analysis, which explored how farmers understood their own and others’ roles for 
antimicrobial stewardship on farms. These themes were ‘Farmers as stewards’, 
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‘Credible messengers of stewardship’, ‘Prevention is best form of stewardship’, and 
‘Conflicting narratives about stewardship’. The key findings were that farmers were 
knowledgeable about AMR and understood the need for them to use antimicrobials 
responsibly. Farmers felt supported by vets, the government, and industry bodies, and 
stressed that they took steps to reduce their antimicrobial usage by preventing disease. 
Nonetheless, farmers also showed evidence of conflict around their responsibilities 
for stewardship. First, they felt that AMR was not a pressing issue and they did not 
need to urgently make any further changes. Second, they expressed frustrations that 
vets did not always communicate consistent messages about antimicrobial usage. 
Third, they felt constrained by the economics of livestock farming from making 
further changes on-farm to achieve greater disease prevention. The key conclusion 
from this study is that farmers appear to feel conflicted about their abilities to be 
responsible antimicrobial users and perceive the levers for change as being external to 
themselves.  
Study Three (Chapter Four) used a qualitative approach to explore the 
combined farm vet and farmer dataset from Studies One and Two, to identify 
commonalities and contrasts in beliefs about AMR and antimicrobial stewardship 
across the two professions. This secondary data analysis generated four themes, which 
were ‘A shared conflict between ideals and behaviour’, ‘Barriers to stewardship: the 
vets’ perspective’, ‘Barriers to stewardship: the farmers’ perspective’, and ‘A shared 
ambivalence: ownership versus other-blaming’. The key findings were that farm vets 
and farmers shared a conflict between their knowledge and ideals about stewardship 
and their own everyday prescribing and usage behaviours. The barriers to increased 
stewardship did, however, appear to differ for vets and farmers. As a result of these 
perceived barriers, vets and farmers both expressed a sense of ambivalence towards 
their responsibilities for AMR and stewardship. Vets and farmers share both a sense 
of ownership for stewardship and frustration at what they perceive as inadequate 
stewardship by other groups of prescribers and users; as a result, they engage in other-
blaming for the problem of AMR. The key conclusion from this study is that vets and 
farmers understand that they need to take responsibility for stewardship, but they also 
engage in other-blaming for the problem of inappropriate prescribing and usage, 
directing much of this other-blaming at other vets and farmers, at doctors, and at the 
general public. 
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Study Four (Chapter Five) was a pilot study to identify a suitable clinical 
scenario for use in a larger experimental vignette study (Study Five). The paper-based 
pilot study used a quantitative, within-participant design to assess whether farm vets 
reported differences in their prescribing behaviour between two situations: an ‘ideal, 
text-book’ situation and a ‘real-world’ situation’. The key findings were that, across 
seven clinical scenarios, farm vets’ self-reported likelihood of prescribing antibiotics 
was higher in the real-world situations compared to the ideal situations. The key 
conclusion from this study is that farm vets are aware that their everyday prescribing 
is not in line with their ideals for prescribing. 
Study Five (Chapter Six) used an online experimental vignette and cross-
sectional survey to assess the relative impact on farm vets’ prescribing of different 
contextual factors, farm vets’ values, and farm vets’ beliefs about their own and 
others’ responsibilities for causing and preventing AMR. The key findings were that 
farm vets exposed to a hypothetical scenario in which their relationship with a farmer 
was under pressure were more likely to prescribe antimicrobials, once their beliefs 
about various groups’ responsibility for preventing AMR were taken into account. 
This study did not, however, identify evidence that exposure to a hypothetical 
scenario in which the farm business or the farmer was under pressure resulted in vets’ 
being more likely to prescribe antimicrobials. Finally, vets’ values and their beliefs 
about responsibility for causing AMR were also not associated with their likelihood 
of prescribing antimicrobials in this study. Vets do, however, believe that different 
groups have different levels of responsibility for causing and preventing AMR. The 
key conclusions from this study are that the quality of the relationship between vets 
and farmers may be an important influence on vets’ antimicrobial prescribing, and 
that although farm vets believe they have some responsibility for causing and 
preventing AMR, they believe that other groups, especially human medics, have more 
responsibility.  
Study Six (Chapter Seven) was an online cross-sectional survey of vet 
students from three UK universities. The survey assessed vet students’ self-reported 
antibiotic usage behaviours, their knowledge about ABR, and their beliefs about 
different groups’ responsibilities for causing and preventing ABR. The key findings 
were that behaviour was considered to be responsible amongst most vet students and 
knowledge was good amongst later years students but moderate amongst early years 
 268 
students. Regarding beliefs, vet students believed that vets had less responsibility for 
causing and preventing ABR than other groups. The key conclusion from this study is 
that there are some knowledge gaps amongst vet students that educators may need to 
ensure are addressed, and that vet students, like practicing farm vets, also believe that 
other groups, especially human medics, have more responsibility for causing and 
preventing ABR.  
 
8.3 Key Themes across the Thesis 
This thesis has explored antimicrobial stewardship in veterinary medicine and 
UK livestock farming from the perspective of farm vets, farmers, and vet students in 
the UK. Although the empirical work conducted for this thesis employed different 
methodological approaches and recruited from different populations, there are 
nonetheless commonalities across the findings, which have been grouped into two key 
themes. These themes are ‘Psychological distancing: a barrier to stewardship’ and 
‘Positive interactions: facilitating stewardship’. 
8.3.1 Psychological distancing: a barrier to stewardship. Evidence from the 
empirical work for this thesis suggests that farm vets, farmers, and vet students 
psychologically distance themselves from the threat of AMR. This psychological 
distancing is likely to reduce individuals’ motivation to change their own behaviour 
and proactively engage in additional stewardship activities. As was identified using a 
qualitative approach in Study Three (Chapter Four), vets and farmers express an 
ambivalent sense of responsibility towards antimicrobial stewardship, which appears 
to be partially driven by a temporal and geographical distancing from the threat of 
AMR (also evidenced in Studies One and Two) and by self-distancing or group-
distancing from the responsibility for AMR by laying more of the blame for AMR 
with other individuals in their own professions or with other groups of antimicrobial 
prescribers and users. Evidence of this other-blaming for the responsibility for 
causing and preventing AMR was also identified using quantitative methods in farm 
vets in Study Five (Chapter Six) and in vet students in Study Six (Chapter Seven).  
Temporal and geographical distancing for the threat of AMR has the effect of 
minimising the immediacy, urgency, and proximity of the threat, by conceptualising 
the harms from AMR as something that will happen in the future or in distant 
locations. As well as evidence for temporal and geographical distancing in the three 
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qualitative studies presented in this thesis, there is evidence from other research that 
doctors also locate the harms and risks from AMR as a future, rather than current, 
threat (Krockow et al., 2019; McCullough et al., 2015). Doctors and vets also believe 
prescribing is more responsible and AMR is less of an issue in their own practice or 
institution compared to other settings in the rest of their country or in other countries 
(Charani et al., 2011; Coyne et al., 2016; Labi et al., 2018; McCullough et al., 2015; 
Nicholson et al., 2018). This temporal and geographical distancing is happening 
despite clear evidence that drug-resistant pathogens are already causing increases in 
mortality and morbidity in both human and veterinary medicine (Glover et al., 2017; 
Laxminarayan et al., 2013; Sargison et al., 2007; Sutherland & Leathwick, 2011; van 
Hecke et al., 2017; WHO, 2019c; Xu et al., 2017). Identifying how to make the 
threats from AMR and from inappropriate antimicrobial prescribing and usage more 
salient to individuals in the here and now should be a priority for researchers and 
policy makers.  
Other-blaming for the problem of AMR enables individuals to distance 
themselves, and their social or professional groups, from the need to take full 
responsibility for their own and their groups’ roles in causing and preventing AMR. 
Both qualitative and quantitative evidence for this other-blaming has been identified 
in this thesis, but there is also evidence from the wider literature that individuals 
commonly engage in other-blaming for AMR; this literature was discussed in detail in 
Chapter Four in reference to the findings from Study Three. For example, vets and 
doctors feel that their own prescribing will make less of a contribution to AMR than 
prescribing by other vets or doctors (Hardefeldt, Gilkerson, et al., 2018; S. Schneider 
et al., 2018), and that their own prescribing is more responsible than that of other vets 
and doctors (Coyne et al., 2018, 2014; Hopman et al., 2018; S. Schneider et al., 2018; 
Visschers et al., 2015, 2014). Prescribers can blame users for exerting pressure for a 
prescription, and users can blame prescribers for being too quick to prescribe  (Biezen 
et al., 2019; Cho et al., 2004; Coenen et al., 2013; M. Smith et al., 2018). 
Furthermore, vets, farmers, doctors, and human patients regularly lay the blame for 
increasing rates of AMR from inappropriate prescribing and usage outside their own 
domain of medicine or at other superordinate groups, such as different livestock 
industries (Brooks et al., 2008; Buller et al., 2015; Coyne et al., 2016, 2014; 
Hardefeldt, Gilkerson, et al., 2018; Keizer et al., 2019; Morris et al., 2016; Swinkels 
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et al., 2015). Identifying ways to overcome this other-blaming between different 
groups should also be a priority area for future research and policy. 
8.3.2 Positive interactions: facilitating stewardship. Evidence from the 
empirical work in this thesis suggests that interactions and relationships between 
individuals and groups are important influences on farm vets’ and farmers’ 
antimicrobial prescribing and usage behaviours. When interactions are positive and 
relationships are secure, individuals may be more motivated to engage in stewardship 
behaviours and make changes to improve antimicrobial prescribing and usage in 
livestock. For example, in Study One (Chapter Two), farm vets discussed the need to 
have confidence in their relationship with their clients, especially if they are to 
suggest a change to treatment protocols or actively refuse to prescribe antimicrobials. 
Evidence from research with companion animal vets also supports the notion that 
being able to clearly communicate with clients, and having a trusting relationship with 
them, are key to being able to resist the pressure to prescribe antimicrobials 
inappropriately (Currie et al., 2018; Mateus et al., 2014; M. Smith et al., 2018). In 
Study Two (Chapter Three) farmers reported on the value of positive interactions with 
vets; farmers appreciate the advice and guidance they receive from vets to help them 
reduce their antimicrobial usage and increase disease prevention on their farms. 
Farmers from other settings also strongly value the input and advice they receive from 
vets, and consider the decisions about antimicrobial usage to be a two-way 
consultation between themselves and their vets (Bellet, 2018; Coyne et al., 2014; 
Fischer et al., 2019).   
In contrast, when interactions are negative and the relationship between vet 
and farmer is perceived to be under threat, vets’ and farmers’ stewardship behaviours 
are also threatened. For example, in Study One (Chapter Two), farm vets reported 
being more likely to inappropriately prescribe antimicrobials when they feel the 
farmer is a difficult client, or is resistant to change, or when they feel they need to 
prescribe antimicrobials in order to maintain client satisfaction. Farm vets were also 
more likely to prescribe antimicrobials when exposed to an experimental vignette 
condition that suggested their relationship with the farmer was under pressure, once 
their beliefs about responsibility for preventing AMR were accounted for (see Study 
Five, Chapter Six). These findings are in line with other research that has identified 
desires to avoid conflict or upset in the consultation, or to maintain client or patient 
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satisfaction, as potential drivers of inappropriate prescribing by vets and doctors 
(Krockow et al., 2019; Mateus et al., 2014; M. Smith et al., 2018; Tonkin-Crine et al., 
2011). The evidence from this thesis also suggests that farmers’ stewardship 
behaviours can be threatened by negative interactions. For example, when farmers 
feel they are getting mixed messages about stewardship from vets or they feel that 
government bodies lack credibility in some way, farmers appear to be less engaged 
with stewardship messages and may be less motivated to change their own behaviour 
(see Study Two, Chapter Three). Furthermore, farmers want to have trust-based 
dialogues with their vets, but they also want vets to acknowledge the farmer’s 
expertise in terms of their competence and their understanding of their animals 
(Fischer et al., 2019). 
Vets and farmers are therefore more likely to feel empowered to take 
ownership for antimicrobial stewardship when they experience positive interactions 
with each other, and when they have good quality relationships based on mutual trust 
and respect. Livestock farming and medicine is generally viewed as a collaborative 
endeavour by vets and farmers, and there may be opportunities to capitalise on the 
existing close working relationships between many vets and farmers when developing 
stewardship interventions. Indeed, the importance of and benefits from collaborative 
working to increase antimicrobial stewardship were stressed by both vets and farmers 
in Study Three (Chapter Four). Furthermore, senior pig vets who report greater 
collaboration with farmers also report experiencing less pressure to prescribe than do 
their junior colleagues (Coyne et al., 2016), and it has been recommended elsewhere 
that more senior vets could support their junior colleagues by actively involving them 
in decision-making on farms, to help junior vets more quickly establish trusting 
relationships with farmers (Higgins et al., 2017). Evidence is emerging that 
antimicrobial usage can be reduced on farms by the development of relevant, farm-
level antimicrobial stewardship policies that are generated through collaborative 
working between vets, farmers, and other livestock professionals (Postma et al., 2017; 
Speksnijder et al., 2017; A. Turner et al., 2018; van Dijk et al., 2017). Importantly, 
these collaborative interventions can achieve reductions in antimicrobial usage 
without harming production parameters or animal welfare (Postma et al., 2017; A. 
Turner et al., 2018). Identifying ways to capitalise on existing close working 
relationships between vets and farmers and to increase collaboration that is focused 
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on antimicrobial usage will therefore be key to improving antimicrobial stewardship 
in livestock farming. 
 
8.4 Methodological Limitations 
As with all research projects, there are some methodological limitations to the 
empirical studies in this thesis. First, recruitment of a sufficient number of 
participants was a challenge in all but Study Six (Chapter Seven, the vet student 
survey). Identifying and recruiting practicing farm vets and livestock farmers was 
challenging, partly due to limited access to the target populations, and partly due to 
the nature of these professions; vets and farmers are busy professionals, many of 
whom work long and sometimes anti-social hours, meaning that many may choose 
not to engage with the time commitments associated with research participation. 
Related to this, it is likely that those vets and farmers who did participate, especially 
in the qualitative interviews (Studies One and Two), are more likely to be interested 
in the topic of antimicrobial stewardship, which potentially means important 
alternative voices are missing from the findings of this thesis. Although the study 
adverts did not specify any focus on antimicrobial stewardship, they did specify a 
focus on treatment decisions and antibiotic usage. Given the blame culture that is 
evidenced by some parties around the use of antimicrobials in livestock it is likely 
that some vets and farmers self-selected out of participation to avoid discussing what 
may be perceived by some as a contentious issue. This same blame culture may also 
mean that those who did participate may have been motivated to emphasise their own 
antimicrobial stewardship behaviours.  
Another limitation to the empirical work in this thesis is that most of the data 
collected are cross-sectional in nature. This inevitably means that changes in beliefs 
cannot be assessed, nor can causal relationships between seemingly important factors 
and antimicrobial prescribing or usage behaviours be inferred. Furthermore, most of 
the data collected across the thesis are from self-report, rather than from observations 
or experimental manipulations, meaning that these data only represent what vets and 
farmers think is influencing their prescribing and usage. Steps were taken to address 
this issue in Study Five (Chapter Six, the experimental vignette) when aspects of the 
prescribing context were experimentally manipulated to assess whether these aspects 
might causally affect vets’ prescribing decisions. The findings from Study Five 
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should, however, be interpreted with caution due to the relatively small dataset that 
was analysed using multiple hierarchical regression. Furthermore, as with any 
vignette study, researchers can never be certain how the vignettes were interpreted by 
participants; it may be that the effect of relationships on prescribing decisions that 
was identified in Study Five was either a spurious statistical result or a result of 
participants interpreting the vignette in an unintended manner that was not about 
relationships but about some other aspect. Nonetheless, the finding from Study Five 
that a relationship that is under pressure may affect antimicrobial prescribing is in line 
with the qualitative findings in this thesis, which suggests that these data are pointing 
towards an important influence on stewardship behaviours.   
 
8.5 Implications for Theory 
The findings from this thesis have implications for theory. It is evident from 
both the literature review presented in Chapter One and from the results of the 
empirical work presented in Chapters Two to Seven that antimicrobial prescribing and 
usage represent complex behaviours, that are influenced by a range of factors. First, 
the findings of the thesis will be discussed in terms of the social ecological framework 
that was outlined in Chapter One, section 1.4.5, and that was used to structure the 
empirical literature review. Second, given the apparent importance of factors at the 
interpersonal level, specifically other-blaming, interactions, and relationships, the 
findings of the thesis will also be considered from a social identity perspective. 
8.5.1 Understanding antimicrobial stewardship from a social ecological 
perspective. Social ecology is an approach to understanding human behaviour that 
recognises the direct effects of individual and environmental factors on behavioural 
outcomes, as well as emphasising the dynamic, interactive effects of individual and 
environmental factors (Stokols, 1996). Social ecological frameworks seek to privilege 
both the agency of the individual and the influence of external forces and constraints 
in individuals’ physical and social environments (Green et al., 1996; McLeroy et al., 
1988; Stokols, 1992, 1996). This thesis adopted an adapted social ecological 
framework informed by two earlier social ecological frameworks by McLeroy et al 
(1988) and by Stokols (1992). The adapted social ecological framework utilised in 
this thesis highlighted the importance of four levels of influence on behaviour: the 
intrapersonal, the interpersonal, the physical environment, and the social environment. 
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The empirical work in this thesis identified evidence for how antimicrobial 
prescribing and usage behaviours in UK livestock farming is influenced by factors 
across all four of these levels. Some examples of these findings will be discussed 
below in terms of the adapted social ecological framework. It should be noted, 
however, that Study Four (the pilot study) is not discussed below. Although the 
findings from this study provided evidence that vets are aware their prescribing is 
influenced by being in the ‘real-world’, which is likely to indicate the influence of 
non-clinical factors, the non-specific wording used in the study materials means that 
what level those non-clinical factors might represent cannot be ascertained.  
First, examples of influence at the intrapersonal level can be identified in four 
studies in this thesis. For example, emotion is important to vets; their fear and 
uncertainty related to clinical ambiguity when diagnosing can influence their 
antimicrobial prescribing (Study One). Farmers generally seem to believe that AMR 
is not an urgent issue and there is no need for immediate change (Study Two). Both 
vets and farmers hold ambivalent and dissonant beliefs about their responsibilities for 
stewardship; they believe they should take ownership of stewardship, but they also 
appear to believe that more of the responsibility for change lies with other individuals 
or groups (Study Three). Finally, knowledge amongst vet students may be related to 
their antimicrobial usage behaviours (Study Six). 
Second, there is evidence in this thesis of influence at the interpersonal level 
across five studies. Farm vets are influenced by their beliefs about farmers’ 
willingness to engage in conversations about changing treatment protocols, and they 
are also concerned about protecting their relationships with farmers and maintaining 
farmers’ trust in their abilities as competent farm vets (Study One). Farm vets may 
also be more likely to prescribe antimicrobials when they perceive their relationship 
with the farmer is under pressure (Study Five). Farmers talk about trusting the advice 
they receive from vets and valuing vets’ input into herd health decisions, but farmers 
also highlight the inconsistent messages about responsible antimicrobial usage that 
they feel they sometimes receive from vets (Study Two). There is evidence of other-
blaming for the problem of AMR and responsibility for stewardship, that is directed 
both at other individuals, and at other groups across different studies with farm vets, 
farmers, and vet students (Studies Three, Five, and Six). More positively, there is also 
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evidence that collaborative interactions between vets and farmers can improve 
stewardship (Study Three).  
Finally, there is some evidence of influence in the physical and social 
environments across the three qualitative studies. For example, given the apparent 
absence of significant treatment failure, vets and farmers simply do not perceive 
AMR to be a threat on the farms where they work (Study Three). A key barrier in the 
physical environment to increased stewardship is vets’ lack of access to rapid 
diagnostic tests, as well as the specific nature of the farm environment within which 
they have to make their treatment decisions (Study One). Farmers feel that 
antimicrobial usage is driven by physical factors such as poor housing or animals with 
weaker immune systems (Study Two). In terms of the social environment, vets are 
sensitive to the economic challenges that are a feature within UK livestock farming 
industries (Study One) and farmers feel that their ability to make management 
changes to housing or nutrition is constrained by economic challenges associated with 
UK livestock farming (Study Two). 
Utilising a social ecological framework to structure the literature review and 
interpret the findings of this thesis offers a number of benefits for aiding 
understanding of antimicrobial stewardship in UK livestock farming. The first of 
these benefits is a contribution to the theoretical understanding of the different factors 
that drive stewardship (the other benefits relate to informing future research and 
practice and are discussed in section 8.6.1). In terms of the theoretical drivers of 
stewardship, using a social ecological framework emphasises the importance of 
considering the full range of potential factors that can influence the stewardship 
behaviours of farm vets and farmers. Individual-level psychology is important but 
may not be the most important area driving inappropriate prescribing and usage 
behaviours. From a psychological perspective, factors at the interpersonal level (i.e. 
prescribing norms, social and professional identities, and interactions and 
relationships between people and animals) appear to have a greater influence on 
prescribing and usage behaviours amongst farm vets and farmers. Psychological 
factors are not the only influencing factors, however; the use of the social ecological 
framework also highlights the importance of factors in the physical and social 
environment, and how these can either constrain or facilitate behaviours. Nonetheless, 
the findings from this thesis do highlight the apparent importance of interpersonal 
 276 
psychology in antimicrobial prescribing and usage behaviours. As social ecological 
frameworks do not, however, generate their own testable hypotheses about behaviour 
(Atkins et al., 2017; Green et al., 1996), the findings in relation to interpersonal 
factors will now be considered from the perspective of social identity theory (Tajfel & 
Turner, 1979) and self-categorisation theory (J. C. Turner, Oakes, Haslam, & 
McGarty, 1994). 
8.5.2 Understanding antimicrobial stewardship from a social identity 
perspective. Social identity theory and self-categorisation theory are based on the 
premise that the social world is comprised of distinct social groups or categories, and 
that these social categories provide group members with a social identity (Tajfel & 
Turner, 1979; J. C. Turner et al., 1994). Ingroups are those groups to which an 
individual belongs (i.e. their social identities), and outgroups are those other groups to 
which a person does not belong. Group membership is defined based on shared 
characteristics, which can include beliefs, goals, and norms, and group members will 
hold beliefs about how members of their ingroup should behave; in this way, social 
identities can shape and drive behaviour as individuals seek to conform to (or react 
against) the normative behaviours that they believe represent their social identity 
(Tajfel & Turner, 1979; J. C. Turner et al., 1994). Ingroup members will also hold 
beliefs about the shared characteristics of outgroup members and about how members 
of those outgroups typically behave.  
The evaluation of a group as having a positive or negative social identity is 
determined in reference to other groups (Tajfel & Turner, 1979), and having a 
positive social identity can increase the self-esteem and wellbeing of a group member, 
whilst identifying with a group that is seen less positively can have negative physical 
and psychological consequences (Haslam, Jetten, Cruwys, Dingle, & Haslam, 2018; 
Tajfel & Turner, 1979). From a social identity perspective, relationships between 
groups are important theoretical mechanisms that can drive the behaviour of group 
members, sometimes at a cost to an individual if the individual perceives the interests 
of the group to be more important than their own (Tajfel & Turner, 1979; J. C. Turner 
et al., 1994). Social identity theory and self-categorisation theory therefore propose 
that people are motivated to act in a way that preserves the status and reputation of a 
social group with which they self-identify to preserve the collective self-esteem and 
positive social identity of their ingroup (Tajfel & Turner, 1979; J. C. Turner et al., 
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1994). Inter-group relationships can be positive or negative; depending upon the 
social comparisons that are made between the ingroup and outgroup, inter-group 
conflict may or may not arise (Tajfel & Turner, 1979). Furthermore, changing inter-
group relationships can change the behaviour of group members (Gaertner, Dovidio, 
Anastasio, Bachman, & Rust, 1993; Tajfel & Turner, 1979; J. C. Turner et al., 1994). 
The findings in this thesis suggest that social identities are relevant in the 
context of AMR. There is evidence of other-blaming for AMR by farm vets, farmers, 
and vet students across the qualitative and quantitative research in this thesis; 
individuals appear to be locating more of the responsibility for causing and preventing 
AMR with members of other groups, which is likely to reduce their motivation to 
change their own antimicrobial prescribing and usage behaviours. If vets or farmers 
(or any other social group) feel they are being blamed by members of an outgroup for 
increasing rates of AMR as a result of inappropriate behaviour by their ingroup, then 
they may feel their collective self-esteem is under threat. In this way, the social 
identities of vets and farmers may be driving some of the other-blaming in which they 
engage. When vets and farmers perceive they are being blamed for AMR, they will be 
motivated to protect the status of their own ingroups. One mechanism through which 
they may seek to achieve this is by emphasising evidence of responsible behaviour 
within their ingroup and emphasising evidence of inappropriate behaviour by 
members of various outgroups, thereby laying more of the blame for AMR with other 
groups. A social identity perspective can therefore provide theoretical insight into 
how other-blaming can arise and can also offer potential solutions for minimising 
other-blaming, some of which are discussed in section 8.6.2.  
 
8.6 Implications for Research, Policy, and Practice 
This thesis has explored antimicrobial stewardship in UK veterinary medicine 
and livestock farming and has identified two key themes that are posited to represent 
key barriers and facilitators to increasing antimicrobial stewardship behaviours: 
psychological distancing and positive interactions. From a policy perspective, it has 
been argued that although behaviours, rather than social practices, are likely to remain 
the targets for change (as they are more amenable to observation and measurement), 
understanding the social context of these behaviours, and choosing appropriate 
models of behaviour across different contexts, is key to designing interventions 
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appropriately (Wilson & Chatterton, 2011). Vets and farmers, as well as other 
antimicrobial prescribers and users, need to be enabled to overcome their ambivalence 
towards stewardship and reduce their other-blaming for AMR, in order to increase 
their motivation for changing their own behaviour and the behaviour of those around 
them. Interventions targeted at individuals and groups will, however, only have 
limited effect, and interventions will also need to be aimed at changing the physical 
and social context within which prescribers and users make their decisions. Based on 
the findings in this thesis, and in light of the social ecological framework that has 
been used to interpret the findings and the wider literature, the following 
recommendations for researchers and policy makers are proposed: 
• Identify how to make the threats from AMR and from inappropriate 
antimicrobial prescribing and usage more immediately salient to individuals  
• Identify how other-blaming between different groups can be reduced 
• Identify ways to increase collaboration around stewardship between 
individuals and groups  
• Identify potential changes in the physical and social environments that could 
support prescribers and users to increase antimicrobial stewardship behaviours  
Suggestions for how these recommendations might be achieved are outlined across 
this section; first, from a social ecological perspective, second, from a social identity 
perspective, and finally, from a One Health perspective.  
8.6.1 Stewardship interventions from a social ecological perspective. The 
findings from this thesis suggest that adopting a social ecological approach to 
stewardship interventions may be useful. Evidence from both the empirical work 
conducted for the thesis and the wider literature review supports the notion that 
antimicrobial prescribing and usage behaviours are influenced by a wide range of 
factors within a complex and dynamic social ecosystem. A social ecological approach 
highlights the need for intervening to improve antimicrobial prescribing and usage at 
multiple levels (Green et al., 1996) and there are calls for theoretical approaches to 
health behaviour change that transcend the individual-level (Crosby & Noar, 2010). 
Intrapersonal and interpersonal psychological factors are clearly important influences 
on antimicrobial prescribing and usage, but there are also factors in the physical and 
social environment that could be the focus of interventions. It is a false dichotomy to 
separate individuals from their contexts; adopting a social ecological approach that 
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emphasises the dynamic nature of the social ecosystem within which behaviours 
occur should enable researchers and policy makers to identify different targets for 
change, beyond simply targeting the individual (McLeroy et al., 1988). Social ecology 
recognises the reciprocity between individuals and their contexts, and all interventions 
within a social ecosystem can have dynamic effects. For example, changing an 
individual’s or group’s psychology can alter their context, and changing context (such 
as the physical or social environment) can impact an individual’s or group’s 
psychology (Engel, 1977; Green et al., 1996; Stokols, 1996). Therefore, from a social 
ecological perspective, multiple interventions are required to help increase 
antimicrobial stewardship in UK livestock farming. Future research should be 
conducted to develop interventions that target all levels of the social ecological 
framework, with some suggestions outlined below.  
Interventions at the intrapersonal level could seek to address some of the 
temporal and geographical psychological distancing that occurs within individuals by 
increasing the salience of the threat from AMR and from inappropriate prescribing 
and usage. Two proposals for how to achieve this are suggested here. First, 
interventions could test the effects of highlighting to prescribers and users the risk of 
adverse effects from the inappropriate use of antimicrobials. By highlighting the 
potential for adverse side effects in a patient, the potential risks of inappropriate 
antimicrobial therapy are made more immediate and more personal for both 
prescribers and users. Risk of harm is less commonly discussed in the literature, but 
there is evidence from research with companion animal vets that a risk of harm from 
antimicrobial therapy is sometimes a driving force in not prescribing antimicrobials 
(Hopman et al., 2018). Second, relevant case studies could be developed that 
highlight the evidence that AMR is already a threat and is already impacting upon 
practitioners’ abilities to successfully treat and control infectious disease. Examples 
could be developed based on anthelmintic resistance in cattle and sheep farming 
(Easton et al., 2018; Glover et al., 2017; Sargison et al., 2007; Sutherland & 
Leathwick, 2011) or on successful efforts to reduce rates of MRSA infection (Brooks 
et al., 2008; Crawford et al., 2011; Speksnijder, Mevius, et al., 2015). Research 
would, however, be needed to test how these case studies should be framed and 
disseminated to make them impactful, as the provision of new knowledge alone is 
unlikely to have a meaningful impact on behaviour change. Recent research with 
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members of the public has identified important recommendations for how messages 
about AMR should be framed to increase the salience and impact of these messages 
(Wellcome, 2019). 
Interventions at the interpersonal level could be used to both reduce some of 
the psychological distancing (at the group level) from AMR and increase the 
opportunities for collaborative working, that is focused on stewardship, between vets, 
farmers, and other groups, to hopefully increase positive interactions between 
individuals and groups and improve inter-group perceptions of stewardship 
behaviours by other groups. Suggestions for interventions informed by a social 
identity perspective are discussed in section 8.6.2, but other interventions targeting 
the interpersonal level are also possible. For example, there may be benefits in using 
interventions focused on social norms messaging, with two examples from human 
medicine provided here. First, in one experimental study where participants were 
asked to imagine visiting a GP for a respiratory infection, people who were told that 
most patients delay starting a prescription by three or five days were more willing to 
delay starting their own prescription for longer than those people who were told that 
most patients only delay by one day (Rönnerstrand & Andersson Sundell, 2015). 
Second, in a randomised controlled trial that targeted GPs in the English NHS, those 
GPs who received a letter advising them that their practice was prescribing antibiotics 
at a rate higher than 80% of practices in the local NHS area had lower rates of 
prescribing over the following six months, compared to those GPs who received a 
similar letter but without the social norms message (Hallsworth et al., 2016). Future 
research should explore the effects of operationalising social norms messaging across 
more contexts in both human and veterinary medicine.   
It also needs to be acknowledged, however, that targeting the psychological 
factors located within and between vets and farmers (and other prescribers and users) 
will only have a limited impact on levels of antimicrobial prescribing and usage. 
Interventions to change factors in the physical and social environments will also be 
required to alter the context within which vets and farmers make their antimicrobial 
treatment decisions. Indeed, it has been argued that locating responsibility for change 
solely with individuals minimises the responsibility that lies with bodies such as 
governments or organisations (Shove, 2010; Whitmarsh et al., 2011). Furthermore, 
informational campaigns aimed at changing beliefs and attitudes appear to be most 
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useful in situations where there is structural support for the behaviour; where there are 
contextual barriers, informational campaigns will have only limited effect (Steg & 
Vlek, 2009). A social ecological perspective should prompt researchers and policy 
makers to also consider environmental-level interventions that can affect health 
behaviours (McLeroy et al., 1988) and increasing antimicrobial stewardship will 
require organisational, institutional, and national policy changes to create physical 
and social environments that support stewardship behaviours.  
Although in theory significant changes could be made to the physical 
environments on farms, which would reduce the disease burden and subsequent 
demand for antimicrobials, making these changes is beyond the financial reach of 
many farmers. The economic challenges and industry-related constraints identified by 
vets and farmers throughout this thesis are real, and are important drivers of 
antimicrobial usage across veterinary contexts (Coyne et al., 2016; Postma et al., 
2016; Speksnijder, Jaarsma, van der Gugten, et al., 2015). Farmers especially 
emphasise the challenges and constraints associated with the increasing public 
demand for cheap produce. Overcoming this demand will require a public debate 
about how meat and milk are produced and the price that people are willing to pay for 
produce. There is a potential need for public education about the challenges to the 
sustainability of antimicrobials, and other resources, that are associated with different 
approaches to farming. There are, however, ethical tensions between the need to 
sustainably produce meat, including using antimicrobials sustainably, and the issue of 
global access to affordable sources of protein (FAO, 2016).  
Interventions in the social environment could include the introduction of 
guidelines or economic incentives. There is, however, evidence that guidelines are not 
always followed and that the implementation of guidelines does not always result in 
behaviour change (Coyne et al., 2016; Hardefeldt, Gilkerson, et al., 2018; Livorsi et 
al., 2016; Mateus et al., 2014; Md Rezal et al., 2015; Tafa et al., 2017; Teixeira 
Rodrigues et al., 2013; van Cleven et al., 2018). Although there are increasing calls 
for more regulations and better implementation of prescribing guidelines in veterinary 
medicine, these studies are a reminder that the success of such interventions in 
changing behaviour is not guaranteed and future research should investigate how to 
make guidelines more relevant and useful to prescribers. Economic incentives may 
have more success in changing behaviour, as the recent use of such incentives in the 
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English NHS has demonstrated (Islam et al., 2018; PHE, 2019). As with any 
intervention, however, economic incentives and other environmental-level changes 
could bring unintended consequences; levers such as legislation, new professional 
obligations, and contractual requirements may reduce antimicrobial usage but could 
also drive poor practice or threaten human and animal welfare if poorly implemented 
or only considered in isolation. Researchers and policy makers will need to ensure 
that evaluations of any such interventions include assessments of potential harm.  
Despite the need for interventions at all levels of the social ecological 
framework, multi-level interventions are nonetheless costly to both implement and 
evaluate (Golden & Earp, 2012; Green et al., 1996; Hagger & Weed, 2019; Stokols, 
1996), and system-level change can take time to embed. Given the urgency of the 
threat from increasing rates of AMR, it is imperative that efforts are made to support 
vets and farmers to make changes to their own behaviour, even within existing 
constraints. Furthermore, although it is important to recognise the complexities of 
wider systems in driving behaviour, the actions of individuals are still an important 
feature within systems and should not be ignored (Sniehotta et al., 2017). Therefore, 
the next section considers further recommendations for interventions at the 
interpersonal level, from a social identity perspective.  
8.6.2 Stewardship interventions from a social identity perspective. This 
thesis has identified evidence that suggests focusing on the interactions and 
relationships between individual vets and farmers, and between different social and 
professional groups, may be useful to help understand and increase antimicrobial 
stewardship in UK veterinary medicine and livestock farming. Adopting a social 
identity approach to antimicrobial stewardship interventions could potentially help 
increase stewardship, by reducing some of the psychological distancing from the 
responsibility of AMR (in the form of other-blaming) and by increasing positive 
interactions between individuals and groups. Furthermore, there is growing 
recognition of the influence of social identities in driving health-related behaviours 
and the potential value of social identity-based interventions to improve health 
outcomes (Haslam et al., 2018). One strength of a social identity approach towards 
stewardship is that it can generate testable hypotheses that can be assessed in future 
experimental research (Haslam et al., 2018). Indeed, one of the criticisms of many 
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theories of behaviour change is that evidence for these theories has been mostly 
correlational, rather than experimental (Sniehotta et al., 2015). 
 A social identity perspective may provide some insight about how to reduce 
other-blaming and psychological distancing from the problem of AMR, as well as 
increase opportunities for positive interactions. People can identify with multiple 
different social groups, with different social identities becoming more or less salient 
at different times (Tajfel & Turner, 1979; J. C. Turner et al., 1994). As a different 
social identity becomes salient, so behaviour can shift as people are motivated to act 
in line with that social identity (Tajfel & Turner, 1979; J. C. Turner et al., 1994). The 
more strongly someone identifies with a social identity the more likely it is that this 
will affect their behaviour.  
Findings from this thesis suggest that farm vets and farmers are generally 
identifying within their own professions and blaming the other profession for poor 
stewardship practice and increasing rates of AMR. Members of different social and 
professional groups also point to other groups as the key place to aim stewardship 
interventions (S. Schneider et al., 2018). From a social identity perspective, one 
possible approach to overcome this other-blaming and the resultant psychological 
distancing is to encourage vets and farmers to adopt a common ingroup identity 
(Gaertner et al., 1993). A common ingroup identity is forged when members of two 
groups cognitively recategorise themselves as members of one group; ‘us’ and ‘them’ 
become ‘we’ (Gaertner et al., 1993). In the case of vets and farmers, this common 
ingroup identity would need to be superordinate to their individual professional 
identities and should not require the ‘demonising’ of an outgroup against which the 
superordinate group is defined.  
Developing a superordinate group identity could potentially be achieved by 
encouraging vets and farmers to focus on an emerging common fate; that access to 
antimicrobials may be restricted (either through legislation or because they become 
ineffective) unless action is taken to improve stewardship within livestock farming. 
Increasing the salience of a common fate can strengthen a shared social identity, 
which in turn can drive co-operation to achieve common goals (Gaertner et al., 1993; 
J. C. Turner et al., 1994). By enabling vets and farmers to collaborate more on 
stewardship issues they may begin to identify as part of one group, perhaps as 
‘livestock professionals’ (e.g. people who care about animal welfare and want to 
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protect antimicrobials for that purpose). Increasing the salience of a new common 
ingroup identity, thereby reducing the salience of separate professional identities, is 
likely to diminish the motivation to blame members of the other professional group 
for less than ideal practice and to increase motivation to work collectively towards the 
common goal of increased antimicrobial stewardship. By enabling people to identify 
with one superordinate ingroup, inter-group competition and animosity is reduced and 
inter-group co-operation is increased (Gaertner et al., 1993).  
As well as the evidence in this thesis for other-blaming, there is also evidence 
that farm vets and farmers value collaborative working relationships that are based on 
mutual trust and respect. Vets and farmers recognise that collaboration can help 
improve animal health and welfare and reduce antimicrobial usage on farms. 
Increasing collaboration between vets and farmers on the topic of antimicrobial 
stewardship may, however, require vets to adapt their beliefs about farmers, and their 
communications with farmers, to be more aligned to each farmer’s specific set of 
goals and motivations on their farms (Bard et al., 2019; Jansen et al., 2010). 
Furthermore, change on farms is a gradual, longitudinal process, that involves 
ongoing learning and adjusting by farmers (Fortané et al., 2015). Emphasising the 
common fate of reduced access to effective antimicrobials and the common goal of 
preserving access through increased antimicrobial stewardship could form the basis of 
more collaboration between vets and farmers on this issue, and future research should 
explore ways to encourage these collaborations. Early research in this area suggests 
that participatory policy making and co-production of strategic herd health plans may 
improve antimicrobial usage on farms without harming production parameters 
(Postma et al., 2017; Speksnijder et al., 2017; A. Turner et al., 2018; van Dijk et al., 
2017). Furthermore, better animal health outcomes may be achieved by bringing 
together people with multiple perspectives, as the use of multi-disciplinary teams in 
human healthcare has been shown to lead to improved patient outcomes (Hickman et 
al., 2015; Mudge, Laracy, Richter, & Denaro, 2006). In reality, however, the common 
fate of reduced access to effective antimicrobials is one that will be shared by all 
prescribers and users, not just farm vets, farmers, and farm animals, so the emphasis 
needs to be on increased collaboration between all sectors; this will be explored in the 
next section.  
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8.6.3 Stewardship interventions from a One Health perspective. AMR is a 
truly global, One Health issue; all humans and other animals share one global social 
and physical ecosystem, that encompasses the shared global microbiome. Resistance 
genes can arise in any environment, including the human or animal host, and these 
genes can be transmitted both horizontally and vertically across microbial 
populations, and across socio-political borders. The drivers of AMR are multiple and 
spread far beyond veterinary medicine and human medicine; there are many 
psychological, sociological, technological, and environmental drivers of inappropriate 
antimicrobial usage and of AMR. Mapping all the drivers of AMR is challenging and 
the schematics that have been produced in attempts to create AMR system maps 
illustrate the extremely complex set of interacting factors that drive AMR 
(Department of Health, 2014; Flowers, 2018). Successfully tackling AMR will require 
multi-level interventions that are targeted at all key stakeholders, across human and 
veterinary medicine, the pharmaceutical industry, farmers, consumers, and more 
(Flowers, 2018; Wallinga et al., 2015), and will require expertise and input from the 
natural and physical sciences, the social sciences, the environmental sciences, all 
domains of medicine and healthcare, and policy makers. The social ecological and 
social identity approaches to increasing antimicrobial stewardship outlined above both 
highlight the need for a One Health approach to this pressing global issue.  
First, the social identity approach outlined in section 8.6.2, based on 
developing a common ingroup identity between vets and farmers, may help to 
improve collaboration between vets and farmers, but does risk the continuation of 
other-blaming between human and veterinary medicine. A One Health approach to 
this problem should prompt researchers and policy makers to consider how to bring 
together the more distal social and professional groups, not just the more proximal 
groups such as vets and farmers, to collectively identify as ‘antimicrobial stewards’. 
For example, vets believe they should have a role in the surveillance of disease and 
AMR, and in protecting both animal and public health, but they also believe that 
governments have a role in supporting surveillance costs and efforts (P. A. Robinson 
& Epperson, 2013; Sawford et al., 2013). Furthermore, driving change in farming 
practices is not just the sole responsibility of the farmer or the vet; there needs to be 
collaboration between all the different actors in livestock production (Fortané et al., 
2015). Vets and farmers can feel blamed and stigmatised by others for AMR (Fynbo 
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& Jensen, 2018; I. Johnson et al., 2018) and there have been calls for the blaming 
between professions to cease (K. Clark, 2019). Ideally, one superordinate group that 
encompasses all stakeholders with an interest in antimicrobials would be made 
salient, although it is more challenging to see how such a potentially disparate group 
could be made to be cognitively meaningful; social categories are based on shared 
characteristics and need to be successfully internalised to exert any influence as a 
social identity (Tajfel & Turner, 1979; J. C. Turner et al., 1994). Nonetheless, 
prescribers, users, and other stakeholders from all domains should be encouraged to 
see themselves as all sharing the same common fate (losing access to effective 
antimicrobials) unless they work together towards the common goal of preserving 
access to effective antimicrobials for all future patients, both human and animal, 
through increased antimicrobial stewardship. Awareness-raising campaigns that are 
inclusive, such as ‘Antibiotic Guardian’, may be more acceptable to vets and farmers 
(Kesten et al., 2018) and may engage a broader range of stakeholders. Although 
awareness-raising campaigns are likely to have limited impact on behaviour change, 
as they offer little in terms of practical solutions for prioritising stewardship principles 
over more immediate concerns, if these campaigns are sufficiently inclusive, they 
may help to forge new common ingroup identities focused on antimicrobial 
stewardship.  
Second, the use of a social ecological approach to explore antimicrobial 
prescribing and usage behaviours in this thesis has enabled a comparison of the 
various drivers of these behaviours across different groups of prescribers and users. 
Despite the relatively small amount of research that has been conducted in veterinary 
medicine compared to human medicine, the empirical literature review in Chapter 
One nonetheless highlights that prescribers from both human and veterinary medicine 
are influenced by a similar range of factors; the context might be different, but factors 
such as emotion, prescribing norms, and economics are relevant across all groups of 
prescribers. Equally, all antimicrobial users, whether farmers, pet owners, or members 
of the public, are influenced by factors such as poorer knowledge of AMR, levels of 
trust in clinicians, costs of medicines, and time pressures. This commonality in factors 
arguably helps to strengthen the case for treating AMR and antimicrobial stewardship 
as One Health issues.  
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Although context will of course be an important consideration when 
developing interventions, taking a social ecological and One Health perspective 
towards antimicrobial stewardship emphasises that prescribers across human and 
veterinary medicine arguably have more in common than is normally considered. The 
commonality of factors that influence doctors’ and vets’ prescribing decisions 
suggests that the apparent differences between human and veterinary medicine may 
be less important in the context of AMR. For example, although GPs, intensive care 
specialists, and community nurses all practice medicine in very different contexts, 
they are nonetheless prescribing medical practitioners that are influenced by a similar 
range of intrapersonal and interpersonal factors. There is an equally broad range of 
specialisms within veterinary medicine; for example, some vets practice front-line 
general practice work with companion animals or farm animals, some vets work in 
specialist oncology or orthopaedic referral clinics, and others specialise in areas such 
as equine, canine, or feline medicine. As with human medics, context for these vets 
will vary greatly across specialisms, but the commonality of the intrapersonal and 
interpersonal factors will likely remain. Arguably, a One Health approach to 
antimicrobial stewardship should encourage vets and human medics to focus less on 
their differences (which are really about a medical specialism) and to focus more on 
their similarities; vets and human medics are all highly trained, highly skilled medical 
practitioners, who are nonetheless susceptible to the full range of intrapersonal and 
interpersonal factors that are a function of being human.  
By recognising these similarities between vets and human medics (and 
arguably the same will be true for farmers, pet owners, and the public), researchers 
and policy makers may be able to accelerate progress in developing effective 
stewardship interventions. If interventions that target theory-based mechanisms, such 
as emotion, prescribing norms, or social identity, are successful with one group of 
prescribers, then similar interventions that target the same theoretical mechanisms 
could be tested with other groups of prescribers. In the same way that researchers 
might look to an intervention with hospital doctors to inform an intervention with 
pharmacists or nurse prescribers, so too could researchers look to human medicine 
interventions to inform veterinary medicine interventions and vice versa. In this way, 
researchers seeking to intervene with vets and animal owners could learn from 
interventions with doctors and the public. For example, there is a considerable 
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literature around human medicine interventions, with systematic reviews of different 
interventions beginning to point at which interventions may be more effective than 
others at changing behaviour. There is moderate quality evidence that point-of-care 
testing and shared decision-making interventions aimed at clinicians in primary care 
are effective at reducing the level of antimicrobial prescribing (Tonkin-Crine et al., 
2017) and that the use of delayed prescriptions for antimicrobials is also effective in 
reducing the amount of antimicrobials that are used (Spurling et al., 2017). There is 
less convincing evidence for the long-term effectiveness of educational programmes 
targeted at clinicians (Tonkin-Crine et al., 2017). Although existing findings may not 
always generalise from one setting to another, evidence about what does and does not 
appear to work in one context may nonetheless be used to guide potential future 
avenues for research in another context. The benefit of taking a One Health approach 
to antimicrobial stewardship interventions is that the pool of potentially informative 
interventions may be widened. Tackling AMR is challenging and successfully doing 
so will require all stakeholders to be mindful of the full spectrum of actors that are 
involved in the manufacturing, prescribing, and usage of antimicrobials, across the 
full spectrum of human, animal, and environmental health.  
 
8.7 Conclusions 
As most of the research into antimicrobial stewardship has been conducted 
within human medicine, this thesis aimed to help address some of this gap by 
exploring antimicrobial stewardship in UK veterinary medicine and livestock 
farming. A One Health approach to stewardship has been adopted by considering 
relevant findings about the drivers of inappropriate antimicrobial prescribing and 
usage in six key groups; doctors and members of the public, companion animal vets 
and pet owners, and farm vets and farmers. Three qualitative and three quantitative 
studies were conducted to explore the beliefs and experiences of farm vets, farmers, 
and vet students, to identify further evidence of potential barriers and facilitators to 
antimicrobial stewardship in UK livestock farming. Two key themes were identified 
as running throughout the empirical work; these are ‘Psychological distancing: a 
barrier to stewardship’ and ‘Positive interactions: facilitating stewardship’. Findings 
from the thesis have been interpreted using two theoretical approaches, and 
recommendations for future research and interventions to reduce psychological 
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distancing and increase positive interactions are grounded within these two 
approaches. First, from a social ecological perspective, the complex nature of the 
system within which antimicrobial prescribing and usage behaviours occur is 
emphasised, highlighting the need for stewardship interventions at multiple levels. 
Second, from a social identity perspective, the importance of emphasising the 
common goal of increasing antimicrobial stewardship, to reduce other-blaming and 
increase positive interactions between individuals and groups, is highlighted. Finally, 
this thesis has stressed the global, One Health nature of the problem of AMR, 
highlighting the need for a truly multidisciplinary approach to successfully tackle the 
crisis of AMR.    
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Appendix B: Interview Schedule for Studies One, Two, and Three 
 
All questions were posed to both vets and farmers, except where indicated. Vets were 
asked about ‘prescribing’ antimicrobials; farmers were asked about ‘using’ 
antimicrobials. 
 
Opening ‘Warm-Up’ Questions 
Ok, first I’d like to ask a little about your work experience. What livestock do you 
look after / keep?  
• Have you always just looked after [animals mentioned previously]? 
• [Vets] Do you just work with livestock, or do you ever get involved with other 
animals? 
• [Farmers] Do you just keep livestock on your farm? 
• [Farmers] How many other people work with the animals on your farm? 
 
Main Questions about Antimicrobial Use  
Ok, thanks. So now I’d like to talk about your role in prescribing/using antibiotics on 
the farms that you work with / your farm. 
[Critical Incident 1]: 
Please can you tell me about a recent example of when you had to prescribe/use 
antibiotics? 
• Why did you decide to prescribe/use antibiotics on this occasion? 
• What made you think this was the best approach to take here? 
• Would you describe this case as a relatively straightforward example of when 
you had to decide whether to prescribe/use antibiotics? 
[Critical Incident 2]: 
[Depending on previous answer…] Ok, please can you tell me about another recent 
example of when you had to prescribe/use antibiotics, where the decision was 
more/less clear-cut? 
• Why did you decide to prescribe/use antibiotics on this occasion? 
• What made you think this what the best approach to take here? 
[Critical Incident 3]: 
Finally, please can you tell me about a recent example when you could have 
prescribed/used antibiotics but you decided not to? 
• Why did you decide NOT to prescribe/use antibiotics on this occasion? 
• What made you think this what the best approach to take here? 
 
[Additional questions…ask only if these topics have not come out during critical 
incident discussions] 
• What are your primary considerations when thinking about prescribing/using 
antibiotics? 
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• Are there any other factors that influence your decisions to prescribe/use 
antibiotics? [Vets] Do you ever prescribe antibiotics when it is against your 
clinical judgement? 
o Why / Why not? 
• [Vets - depending on response] Do you ever feel under pressure to do so? 
o Why / Why not? 
• [Vets] Do you ever consider using antibiotics off-label? 
o Why / Why not? 
• [Farmers] Do you ever use antibiotics, but wish you didn’t have to? 
o Why / Why not? 
• Do you draw upon any guidelines or protocols when you are considering 
whether to prescribe/use antibiotics, or what to prescribe/use?  
o If so, which ones? 
• [Vets] Do you ever speak to farmers about the amount of antibiotics they use? 
• [Farmers] Do you ever speak with your vet about how you should use 
antibiotics? 
• What types of situations might prompt you to speak to them? 
• How often would you do this? 
• How comfortable are you with current levels of antibiotics used on the farms 
on which you work / on your farm? 
Do you have any other comments about antibiotic prescribing/use, either from your 
own experience / on your farm, or in general?  
 
Main Questions about Antimicrobial Resistance (AMR) Beliefs  
[Speak the word resistance throughout, don’t use abbreviation] 
Ok, so now I’d like to ask you about antimicrobial resistance as I’m interested in your 
thoughts and opinions on this topic.  
• What does the term antimicrobial resistance mean to you? 
o Does the issue of AMR influence your management of livestock? 
o Do you think there are any consequences from AMR? 
o Are you concerned at all about AMR? 
• Where do you get your information about AMR from?  
o E.g. Media? Peers? Professional media? Journals? 
I’d like to ask you some questions now about AMR, that will relate firstly to animals, 
and then to humans 
• Do you think that rates of antimicrobial resistance amongst animals are 
increasing, decreasing or stable?  
o Why do you think this might be? 
• And do you think that rates of antimicrobial resistance amongst humans are 
increasing, decreasing or stable?  
o Why do you think this might be? 
• Do you think antibiotic use in farming has any role to play in driving 
resistance, firstly, in animals? 
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o And do you think antimicrobial resistance in animals is related to 
human health in any way? 
§ [Prompt if simple Yes/No answer] – Please can you explain 
why you think that? 
• Do you think antibiotic use in farming has any role to play in driving 
resistance in humans? 
o And do you think antimicrobial resistance in humans is related to 
animal welfare or food security in any way? 
§ [Prompt if simple Yes/No answer] – Please can you explain 
why you think that? 
• Do you think there is any exchange between animal and human bacteria of 
resistance? 
o [Prompt if simple Yes/No answer] – Please can you explain why you 
think that? 
• What role, if any, do you think vets/farmers [vets were asked about vets first / 
farmers were asked about farmers first] have to play in addressing the issue of 
AMR? 
o If so, how much influence do you think vets/farmers have over rates of 
AMR? 
• What role, if any, do you think farmers/vets have to play in addressing the 
issue of AMR? 
o If so, how much influence do you think farmers/vets have over rates of 
AMR? 
Ok, thank you  
• On a scale of 1–5, where 1 is ‘not at all’, and 5 is ‘very’, how concerned 
would you say you are about AMR in animals? 
• And, on a scale of 1–5, where 1 is ‘not at all’, and 5 is ‘very’, how concerned 
would you say you are about AMR in humans? 
Do you have any other comments about antimicrobial resistance?  
 
Suggestions for the Future 
You may be aware that in 2013, the UK government launched a 5-year strategy to try 
and slow the rates of AMR. This strategy was supported by the Chief Medical and 
Chief Veterinary Officers. So, given this drive from government: 
• What practical initiatives might help you or your colleagues reduce/optimise 
the amount of antibiotics you prescribe/use on farms?  
• Is there anything you would like to do differently if you could? 
• Is there anything you would like vets/farmers [participants were asked here 
about the other profession] to do differently if they could? 
 
Closing Remarks 
Thank you for your time. Are there any additional comments you would like to add 
on the topic of prescribing or AMR? 
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Appendix C: Participant Instructions and Information Sheet for Studies One, 
Two, and Three  
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Appendix D: Consent Form for Studies One, Two, and Three 
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Appendix E: Demographic Questions for Studies One, Two, and Three 
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Appendix F: Ethical Approval for Studies One, Two, and Three 
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Appendix G: Participant Information Sheet for Study Four 
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Appendix H: Demographic Questions and Participant Instructions for Study Four
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Appendix I: Real-World Versus Ideal Prescribing Measure for Study Four 
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Appendix J: Ethical Confirmation for Study Four 
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Appendix K: Normality Checks for Ideal and Real-World Prescribing for all Clinical Scenarios (Study Four)  
 
 Situation  
 Ideal Real-World 
Clinical Scenario S
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Dairy Cow (Abscess) 2.51 6.51 .42*** .56*** 0.89 -0.45 .31*** .81** 
Dairy Cow (Lame) 1.41 1.26 .40*** .67*** 0.81 -0.40 .23* .83** 
Dairy Cow (Endometritis) 0.60 -0.92 .23* .84* 0.21 -0.78 .17 .93 
Dairy Cow (Drying Off) 0.51 1.29 .24* .85* -0.50 -0.76 .22* .90 
Dairy Cow (IBR Herd) 0.09 -0.17 .34*** .76** -0.13 -1.34 .21 .86* 
Dairy Bull Calf (Nasal Discharge)  1.84 3.04 .30** .69*** 0.77 0.21 .28** .89 
Beef Calf (Castration)  1.62 1.70 .28** .70*** 0.80 -0.88 .29** .81** 
Note. * p is significant at < .05; ** p is significant at < .01; *** p is significant at < .001.
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Appendix L: Recruitment Advert for Study Five 
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Appendix M: Example of Vignette (Farmer Condition) as Presented to 
Participants in Study Five 
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Appendix N: Demographic Questions for Study Five
 
 
 
 
 
 
 
 
 363 
Appendix O: Values Scale for Study Five 
 
 
Items for values subscales:  
• Hedonic: PLEASURE, ENJOYING LIFE, SELF-INDULGENT  
• Egoistic: SOCIAL POWER, WEALTH, AUTHORITY, INFLUENTIAL, 
AMBITIOUS  
• Altruistic: EQUALITY, A WORLD AT PEACE, SOCIAL JUSTICE, 
HELPFUL  
• Biospheric: RESPECTING THE EARTH, UNITY WITH NATURE, 
PROTECTING THE ENVIRONMENT, PREVENTING POLLUTION 
•  
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Appendix P: Responsibility for Causing AMR and Responsibility for 
Preventing AMR Scales for Study Five 
 
To what extent do you think each of the following contributes to causing 
antimicrobial resistance? 
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The number of antibiotic 
prescriptions that GPs write 
     
The amount of antibiotic use in 
hospitals 
     
Levels of compliance with hand 
hygiene protocols in hospitals  
     
GPs prescribing antibiotics for 
colds 
     
[T
he
 P
ub
lic
] 
Patients requesting antibiotics 
from their doctors 
     
Patients not completing their 
antibiotic courses 
     
Members of the public sharing 
antibiotic prescriptions 
     
Food hygiene practices by 
members of the public in their 
homes * 
     
[C
om
pa
ni
on
 A
ni
m
al
 V
et
s]
 
The number of antibiotic 
prescriptions issued by 
companion animal vets  
     
Companion animal vets 
prescribing single, long-acting 
doses of antibiotics 
     
Companion animal vets 
prescribing antibiotics when the 
aetiology has not been 
confirmed by diagnostics  
 
 
    
Levels of compliance with 
infection control protocols in 
companion animal veterinary 
practices 
     
[P
et
 O
wn
er
s]
 
Pet owners expecting 
antibiotics for their animals 
     
Pet owners disagreeing with 
their vet’s advice when they are 
not given antibiotics for their 
animals 
     
Pet owners not giving their 
animals the complete course of 
antibiotics 
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Pets sleeping on their owners’ 
beds * 
     
[F
ar
m
 A
ni
m
al
 V
et
s]
 
The level of attention paid by 
farm animal vets to their 
clients’ antibiotic use  
     
Farm animal vets prescribing 
antibiotics for infections that 
could be viral  
     
Levels of compliance with 
biosecurity protocols on farm 
by farm animal vets  
     
The amount of antibiotics that 
farm animal vets prescribe  
     
[F
ar
m
er
s]
 
Farmers using antibiotics to 
treat viral infections 
     
Farmers using antibiotics to 
compensate for issues with 
husbandry 
     
Standards of biosecurity on 
farms 
     
Farmers not administering 
antibiotics correctly 
     
Note. * Items removed during analysis to improve value for Cronbach’s alpha 
 
To what extent do you think each of the following contributes to preventing 
antimicrobial resistance? 
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 GPs explaining to patients why 
antibiotics are not always 
needed 
     
GPs advising patients about 
self-care for colds 
     
Hospitals implementing 
antibiotic stewardship policies 
     
Pharmacists being trained to 
challenge antibiotic 
prescriptions they think are 
unnecessary * 
     
[T
he
 P
ub
lic
]  
Members of the public taking 
antibiotics as instructed by their 
doctors 
     
Members of the public taking 
more care over hygienic food 
preparation * 
     
The public visiting pharmacists 
for advice about self-care when 
they have a cold 
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Patients accepting their GP’s 
advice when they are not 
prescribed antibiotics 
     
[C
om
pa
ni
on
 A
ni
m
al
 V
et
s]
 
Companion animal vets 
improving their infection 
control practices 
     
Companion animal vets using 
more diagnostic tests  
     
Companion animal veterinary 
practices developing antibiotic 
stewardship policies 
     
Companion animal vets 
educating pet owners about 
why antibiotics are not always 
necessary 
     
[P
et
 O
wn
er
s]
 
Pet owners following the 
treatment advice of their vets 
     
Pet owners ensuring they give 
their pets complete courses of 
antibiotics 
     
Pet owners washing their hands 
more thoroughly after handling 
their animals * 
     
Pet owners accepting that their 
animals don’t always need 
antibiotics 
     
[F
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m
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m
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Farm animal vets making use of 
diagnostic tests 
     
Farm animal vets adopting 
antibiotic stewardship policies  
     
Farm animal vets refusing 
farmers’ requests for antibiotics 
that aren’t really needed 
     
Farm animal vets advising 
farmers on measures to reduce 
infection rates 
     
[F
ar
m
er
s]
 
Farmers reducing the level of 
antibiotics used in livestock 
     
Farmers improving nutrition 
and housing conditions for 
livestock 
     
Education for farmers about 
antibiotic stewardship  
     
Farmers complying with their 
vet’s treatment instructions 
     
Note. * Items removed during analysis to improve value for Cronbach’s alpha 
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Appendix Q: Debrief Screens for Study Five 
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Appendix R: Ethical Approval for Study Five 
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Appendix S: Participant Information Sheet for Study Five 
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Appendix T: Consent Form for Study Five 
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Appendix U: Normality Checks for Continuous Demographic Variables, Values, Beliefs, and Likelihood of Prescribing Antibiotics 
Across Vignette Conditions (Study Five) 
 
 Condition 
 Control (n = 22) Economics (n = 26) Farmer (n = 24) Relationship (n = 25) 
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Age (n = 80) 2.24 0.71 .24** .88* 3.24 2.41 .23** .80** 1.86 0.83 .14 .91 2.66 1.81 .23** .88* 
Years Qualified 
(n = 92) 1.91 -0.05 .20* .87** 3.28 2.54 .18 .83** 2.08 0.32 .15 .91* 2.59 1.44 .18* .88* 
Time Spent 
Working with 
Animals (n = 97)                 
Dairy Cattle -3.38 1.77 .44*** .63*** -4.20 2.93 .46*** .56*** -4.38 3.62 .44*** .56*** -7.11 10.69 .53*** .31*** 
Beef Cattle -5.93 8.85 .51*** .42*** -5.40 6.97 .45*** .54*** -5.22 8.00 .41*** .57*** -4.02 3.26 .46*** .57*** 
Sheep -2.73  0.40 .41*** .64*** -4.36 3.89 .43*** .60*** -3.82 2.72 .39*** .64*** -4.56 4.64 .40*** .60*** 
Goats -0.62 -0.59 .23** .88* -0.28 -0.49 .24*** .88** -1.40 0.15 .29*** .85** -0.79 -0.62 .28*** .86** 
Pigs -0.23 -0.34 .31*** .79*** 1.66 1.35 .31*** .81*** 0.73 0.21 .30*** .85** 0.24 -0.90 .27*** .81*** 
Poultry 
(Chickens) -0.05 0.01 .35*** .75*** 1.81 0.93 .27*** .81*** 0.98 0.04 .27*** .85** 0.44 -0.53 .30*** .78*** 
Poultry (Other) -0.41 -0.89 .26** .81** 2.53 2.85 .28*** .75*** 1.40 0.15 .25*** .84** 0.74 -0.58 .30*** .77*** 
Other Farm 
Animals 0.82 -0.33 .29*** .86** 2.05 3.29 .36*** .73*** -0.05 -0.24 .25*** .86** 1.35 -0.25 .29*** .85** 
Horses 2.15 0.47 .30*** .78*** 2.43 0.44 .29*** .77*** 3.19 0.97 .43*** .62*** 4.16 3.53 .42*** .61*** 
Small Animals 1.79 -0.02 .24** .82** 2.34 -0.31 .31*** .73*** 3.36 2.13 .33*** .70*** 3.13 1.37 .35*** .70*** 
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Values (n = 92)                 
Hedonic 0.19 -0.30 .18 .95 -1.17 0.71 .13 .97 0.37 -1.18 .15 .94 -1.125 -1.02 .20* .92 
Egoistic 2.70 1.48 .20* .85** -0.21 -0.11 .12 .97 -0.81 -0.85 .11 .96 0.58 -1.51 .19* .89* 
Altruistic -0.29 -1.33 .16 .92 -0.66 -0.62 .13 .97 -0.74 -1.05 .15 .94 -1.68 0.54 .17* .92* 
Biospheric -0.23 0.004 .13 .98 -1.15 -0.07 .13 .97 -1.27 -0.29 .20* .94 -0.29 -1.00 .11 .97 
Responsibility for 
Causing AMR (n 
= 89)                 
Human Medics 0.05 -0.31 .12 .97 -0.85 -0.76 .19* .94 0.09 -1.36 .14 .94 -0.44 -0.66 .11 .96 
Public/ Patients -0.67 -0.88 .17 .94 -0.26 -1.00 .13 .95 1.76 -0.47 .20* .85** -0.19 -1.12 .19* .93 
Companion 
Animal Vets -0.18 0.12 .19 .94 0.60 -1.07 .15 .93 1.06 -0.31 .15 .95 0.03 -1.11 .16 .95 
Pet Owners 1.41 -0.33 .19 .90* 0.81 -0.89 .17 .94 1.78 0.21 .22** .90* 1.97 0.56 .23** .92 
Farm Animal 
Vets 0.33 -0.74 .16 .96 -0.43 -0.64 .11 .97 0.28 -0.83 .14 .95 -0.47 0.61 .13 .98 
Farmers 0.71 -1.30 .16 .90* 0.47 -0.94 .19* .94 -0.13 -0.85 .12 .97 -1.17 -0.20 .15 .96 
Responsibility for 
Preventing AMR 
(n = 88)                 
Human Medics -1.54 -0.31 .22* .89* -0.33 -0.91 .19* .90* -0.92 -1.06 .18 .91* -1.47 -0.08 .19* .88** 
Public/ Patients 0.04 -1.31 .21* .90* -0.11 -0.53 .22** .92 -0.54 -1.31 .18 .91* -1.62 -0.36 .18* .90* 
Companion 
Animal Vets -0.45 -0.44 .13 .97 -0.15 -0.56 .12 .97 0.23 -0.02 .14 .96 -1.03 -0.10 .16 .94 
Pet Owners -0.42 -0.29 .14 .94 0.42 -0.68 .19* .93 -0.41 -0.53 .17 .95 -1.10 -0.84 .19* .92 
Farm Animal 
Vets -0.12 -1.16 .14 .93 0.07 -0.78 .12 .96 -1.46 -0.11 .18 .88* -1.01 -0.70 .14 .94 
Farmers -1.15 -0.99 .24** .87* -0.20 -0.33 .10 .96 -1.24 -0.76 .16 .90* -1.71 -0.41 .24** .88** 
Likelihood of 
Prescribing 
Antibiotics (n = 
97) -0.62 -1.19 .20* .89* -0.38 -1.44 .24*** .87** -1.83 -0.60 .28*** .81*** -1.29 -0.95 .24** .83** 
Note. * p is significant at < .05; ** p is significant at < .01; *** p is significant at < .001. 
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Appendix V: Regression Models for Demographic Variables as Predictors of Prescribing in Study Five 
Table A-V1 
Hierarchical Regression Model for Age as Predictor of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.35 [2.78, 3.93] 0.27  12.28 < .001 
Control v. Economics 0.10 [-0.70, 0.95] 0.39 .04 0.26 .80 
Control v. Farmer 0.37 [-0.47, 1.30] 0.40 .13 0.94 .35 
Control v. Relationship 0.65 [-0.11, 1.48] 0.38 .24 1.73 .089 
Block 2      
Constant 3.53 [2.37, 4.70] 0.57  6.17 < .001 
Control v. Economics 0.09 [-0.68, 0.98] 0.39 .03 0.24 .81 
Control v. Farmer 0.38 [-0.51, 1.32] 0.40 .13 0.94 .35 
Control v. Relationship 0.66 [-0.12, 1.59] 0.38 .24 1.74 .087 
Age -0.01 [-0.04, 0.02] 0.01 -.04 0.37 .72 
Note. R2 = .045 for Block 1; ΔR2 = .002 for Block 2 (p = .72). Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-
corrected and accelerated bootstrap confidence intervals. V. = Versus. 
 
Table A-V2 
Hierarchical Regression Model for Gender as Predictor of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.27 [2.72, 3.81] 0.27  12.02 < .001 
Control v. Economics -0.01 [-0.79, 0.77] 0.38 -.004 -0.03 .98 
Control v. Farmer 0.42 [-0.40, 1.17] 0.38 .14 1.11 .27 
Control v. Relationship 0.64 [-0.08, 1.37] 0.38 .22 1.71 .091 
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Block 2      
Constant 3.33 [2.74, 3.92] 0.30  11.23 < .001 
Control v. Economics -0.03 [-0.77, 0.83] 0.39 -.01 -0.07 .95 
Control v. Farmer 0.45 [-0.40, 1.23] 0.39 .15 1.16 .25 
Control v. Relationship 0.65 [-0.01, 1.38] 0.38 .22 1.71 .091 
Male v. Female -0.14 [-0.70, 0.38] 0.27 -.053 -0.50 .62 
Male v. Prefer Not to Say 0.70 [0.11, 1.31] 1.33 .057 0.53 .60 
Note. R2 = .049 for Block 1; ΔR2 = .006 for Block 2 (p = .75). Bootstrap results are based on 1,000 samples for Block 1 and 629 samples for 
Block 2. BCa 95% CI = 95% bias-corrected and accelerated bootstrap confidence intervals. V. = Versus. 
 
Table A-V3 
Hierarchical Regression Model for Years Qualified as Predictor of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.27 [2.73, 3.84] 0.27  12.02 < .001 
Control v. Economics -0.01 [-0.82, 0.77] 0.38 -.004 0.03 .98 
Control v. Farmer 0.42 [-0.32, 1.15] 0.38 .14 1.11 .27 
Control v. Relationship 0.64 [-0.11, 1.34] 0.38 .22 1.71 .091 
Block 2      
Constant 3.44 [2.82, 4.04] 0.32  10.78 < .001 
Control v. Economics -0.04 [-0.83, 0.74] 0.38 -.01 0.10 .92 
Control v. Farmer 0.44 [-0.31, 1.18] 0.38 .15 1.16 .25 
Control v. Relationship 0.65 [-0.13, 1.37] 0.38 .22 1.73 .088 
Years Qualified -0.01 [-0.04, 0.02] 0.01 -.10 0.98 .33 
Note. R2 = .049 for Block 1; ΔR2 = .010 for Block 2 (p = .33). Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-
corrected and accelerated bootstrap confidence intervals. V. = Versus. 
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Table A-V4 
Hierarchical Regression Model for Having Postgraduate Qualifications as Predictor of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.27 [2.75, 3.82] 0.27  12.00 < .001 
Control v. Economics < 0.001 [-0.79, 0.82] 0.39 < .001 < 0.001 1.00 
Control v. Farmer .42 [-0.44, 1.28] 0.38 .14 1.11 .27 
Control v. Relationship .64 [-0.07, 1.37] 0.38 .22 1.70 .093 
Block 2      
Constant 3.35 [2.81, 3.93] 0.30  11.34 < .001 
Control v. Economics -0.03 [-0.84, 0.85] 0.39 -.01 -0.08 .94 
Control v. Farmer 0.41 [-0.44, 1.28] 0.38 .14 1.07 .29 
Control v. Relationship 0.62 [-0.13, 1.37] 0.38 .21 1.62 .11 
No PGQ v. Having PGQ -0.21 [-0.83, 0.38] 0.30 -.08 -0.71 .48 
Note. R2 = .047 for Block 1; ΔR2 = .006 for Block 2 (p = .48). Bootstrap results are based on 1,000 samples. BCa 95% CI = 95% bias-corrected 
and accelerated bootstrap confidence intervals. PGQ = Postgraduate qualifications. V. = Versus. 
 
 
Table A-V5 
Hierarchical Regression Model for Animals Looked After as Predictor of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.27 [2.67, 3.86] 0.27  12.18 < .001 
Control v. Economics 0.07 [-0.67, 0.79] 0.37 .03 0.20 .84 
Control v. Farmer 0.48 [-0.25, 1.27 0.37 .16 1.28 .20 
Control v. Relationship 0.69 [< 0.001, 1.36] 0.37 .24 1.87 .065 
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Block 2      
Constant 4.35 [2.37, 6.16] 0.96  4.53 < .001 
Control v. Economics 0.07 [-0.66, 0.80] 0.38 .03 0.19 .85 
Control v. Farmer 0.61 [-0.16, 1.30] 0.38 .21 1.60 .11 
Control v. Relationship 0.56 [-0.23, 1.33] 0.38 .19 1.48 .14 
Dairy Cattle -0.50 [-1.01, -0.001] 0.21 -.29 2.35 .021 
Beef Cattle 0.15 [-0.52, 1.16] 0.31 .07 0.48 .64 
Sheep -0.09 [-0.57, 0.45] 0.24 -.06 0.37 .71 
Goats 0.43 [-0.11, 1.03] 0.26 .30 1.63 .11 
Pigs -0.09 [-0.69, 0.48] 0.29 -.05 0.31 .76 
Poultry (Chickens) -0.39 [-1.20, 0.45] 0.38 -.22 1.03 .31 
Poultry (Other) 0.29 [-0.44, 1.16] 0.35 .17 0.84 .40 
Other Farm Animals -0.12 [-0.59, 0.26] 0.24 -.08 0.50 .62 
Horses -0.07 [-0.35, 0.30] 0.18 -.05 0.42 .68 
Small Animals -0.10 [-0.43, 0.18] 0.17 -.08 0.59 .56 
Note. R2 = .050 for Block 1; ΔR2 = .126 for Block 2 (p = .26). Bootstrap results are based on 1,000 bootstrap samples. BCa 95% CI = 95% bias-
corrected and accelerated bootstrap confidence intervals. V. = Versus. 
 
 
Table A-V6 
Hierarchical Regression Model for Primary Region of Work as Predictor of Prescribing  
 
B 
[BCa 95% CI] SE B β t p 
Block 1      
Constant 3.27 [2.67, 3.81] 0.27  12.02 < .001 
Control v. Economics -0.01 [-0.90, 0.91] 0.38 -.004 -0.03 .98 
Control v. Farmer 0.42 [-0.40, 1.24] 0.38 .14 1.11 .27 
Control v. Relationship 0.64 [-0.07, 1.39] 0.38 .22 1.71 .091 
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Block 2      
Constant 2.37 [1.53, 3.27] 1.34  1.77 .081 
Control v. Economics 0.14 [-0.92, 1.11] 0.40 .05 0.35 .73 
Control v. Farmer 0.39 [-0.44, 1.05] 0.40 .13 0.98 .33 
Control v. Relationship 0.64 [-0.13, 1.32] 0.40 .22 1.58 .12 
Northern Ireland v. Scotland 0.25 [-1.00, 1.61] 1.44 .04 0.17 .86 
Northern Ireland v. Wales 1.22 [-0.34, 2.15] 1.42 .22 0.87 .39 
Northern Ireland v. NE England / 
Yorkshire & Humber 1.13 [0.20, 2.15] 1.40 .23 0.81 .42 
Northern Ireland v. NW England 1.19 [0.49, 1.96] 1.33 .38 0.89 .38 
Northern Ireland v. Midlands 
(East/West) 
0.68 [-0.24, 1.79] 1.42 
.13 0.48 .63 
Northern Ireland v. East of England 1.22 [0.41, 2.00] 1.44 .19 0.85 .40 
Northern Ireland v. SE England 0.03 [-0.80, 0.89] 1.38 .01 0.02 .98 
Northern Ireland v. SW England 0.97 [0.41, 1.53] 1.32 .34 0.74 .46 
Northern Ireland v. Other 2.64 [1.84, 3.38] 1.85 .21 1.42 .16 
Northern Ireland v. Multiple 0.55 [-0.55, 1.66] 1.38 .13 0.40 .69 
Note. R2 = .049 for Block 1; ΔR2 = .108 for Block 2 (p = .245). Bootstrap results are based on 1,000 samples for Block 1 and 394 samples for 
Block 2. BCa 95% CI = 95% bias-corrected and accelerated bootstrap confidence intervals. NE = North East. NW = North West. SE = South 
East. SW = South West. V. = Versus. * Confidence intervals computed by the percentile method. 
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Appendix W: Normality Checks for Beliefs about Causing and Preventing 
AMR Across Whole Sample (Study Five) 
 
Measure 
Skew (z-
score) 
Kurtosis 
(z-score) 
Kolmogorov
-Smirnov  
D 
Shapiro-
Wilk W 
Responsibility for Causing 
AMR (n = 89) 
  
  
Human Medics -0.58 -1.66 .13** .97* 
Public/Patients 0.28 -2.09 .13** .95** 
Companion Animal Vets 1.48 -0.72 .11** .96* 
Pet Owners 2.62 -0.63 .19*** .93*** 
Farm Animal Vets -0.46 -0.58 .09 .98 
Farmers -0.03 -1.73 .13** .97* 
Responsibility for 
Preventing AMR (n = 88) 
  
  
Human Medics -2.45 -0.62 .16*** .91*** 
Public/Patients -1.32 -1.63 .16*** .93*** 
Companion Animal Vets -0.68 -0.74 .10* .97* 
Pet Owners -0.89 -1.36 .14*** .94** 
Farm Animal Vets -1.45 -1.14 .18** .96** 
Farmers -2.26 -1.04 .14*** .92*** 
Note. * p is significant at < .05; ** p is significant at < .01; *** p is significant at 
< .001. 
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Appendix X: Recruitment Advert for Study Six 
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Appendix Y: Demographic Questions for Study Six 
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Appendix Z: Antibiotic Behaviour Scale and Antibiotic Knowledge Scale for 
Study Six 
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Appendix AA: Responsibility for Causing ABR Scale for Study Six 
 
Antibiotics are used to treat bacterial infections by killing bacteria or harming 
them in some way. Bacteria can develop protective mechanisms that mean they 
are not killed or harmed by antibiotics; this is called antibiotic resistance.  
To what extent do you think each of the following contributes to causing 
antibiotic resistance? If you are unsure, please give your best guess. 
 
  1                                 
Not at all 
2
Very 
little 
3  
Some-
what 
4  
Quite a 
bit 
5 
Very 
much 
[H
ea
lth
ca
re
 
pr
of
es
si
on
al
s]
 The number of antibiotic 
prescriptions that GPs 
write 
     
The level of antibiotic use 
in hospitals 
     
GPs prescribing antibiotics 
for colds 
     
[T
he
 P
ub
lic
] 
Patients requesting 
antibiotics from their 
doctors 
     
Patients not completing 
their antibiotic courses 
     
Members of the public 
sharing antibiotic 
prescriptions 
     
[V
et
s]
 
The number of antibiotic 
prescriptions issued by 
vets  
     
Vets prescribing single, 
long-acting doses of 
antibiotics 
     
Vets prescribing 
antibiotics for infections 
that could be viral 
 
 
    
[A
ni
m
al
 O
wn
er
s]
 Animal owners using 
antibiotics to treat viral 
infections in their animals 
     
Animal owners not giving 
their animals the complete 
course of antibiotics 
     
Animal owners requesting 
antibiotics from their vets 
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Appendix AB: Responsibility for Preventing ABR Scale for Study Six 
 
Antibiotics are used to treat bacterial infections by killing bacteria or harming 
them in some way. Bacteria can develop protective mechanisms that mean they 
are not killed or harmed by antibiotics; this is called antibiotic resistance.  
To what extent do you think each of the following contributes to preventing 
antibiotic resistance? If you are unsure, please give your best guess. 
 
  1                                 
Not at all 
2
Very 
little 
3  
Some-
what 
4  
Quite a 
bit 
5 
Very 
much 
[H
ea
lth
ca
re
 
pr
of
es
si
on
al
s]
 GPs explaining to patients 
why antibiotics are not always 
needed 
     
GPs advising patients about 
self-care for colds 
     
Hospitals implementing 
antibiotic stewardship policies 
     
[T
he
 P
ub
lic
] 
Members of the public taking 
antibiotics as instructed by 
their doctors 
     
The public visiting 
pharmacists for advice about 
self-care when they have a 
cold 
     
Patients accepting their GP’s 
advice when they are not 
prescribed antibiotics 
     
[V
et
s]
 
Vets using more diagnostic 
tests  
     
Veterinary practices adopting 
antibiotic stewardship policies 
     
Vets educating animal owners 
about why antibiotics are not 
always necessary 
     
[A
ni
m
al
 O
wn
er
s]
 
Animal owners following the 
treatment advice of their vets 
     
Animal owners ensuring they 
give their animals complete 
courses of antibiotics 
     
Animal owners accepting that 
their animals don’t always 
need antibiotics 
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Appendix AC: Participant Information Sheet and Consent Form for Study Six
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Appendix AD: Participant Instructions and Participant Debrief for Study Six 
 
Instructions Screen 
 
 
 
Debrief Screen 
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Appendix AE: Ethical Approval for Study Six from Bristol, Liverpool, and Surrey Universities 
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Appendix AF: Normality Checks for Behaviour, Knowledge, and Beliefs (Study Six) 
Table A-AF1 
Normality Checks for Behaviour, Knowledge, and Beliefs by University 
 University  
 
Bristol (Years 1 & 2) 
(n = 237) 
Liverpool (Years 1 & 2) 
(n = 65) 
Surrey (Years 1 & 2) 
(n = 158) 
Surrey (Years 3 & 4) 
(n = 113) 
Measure S
ke
w
 (z
-s
co
re
) 
K
ur
to
sis
 (z
- s
co
re
) 
K
ol
m
og
or
ov
- 
Sm
irn
ov
 D
 
Sh
ap
iro
- W
ilk
 W
 
Sk
ew
 (z
- s
co
re
) 
K
ur
to
sis
 (z
- s
co
re
) 
K
ol
m
og
or
ov
- 
Sm
irn
ov
 D
 
Sh
ap
iro
- W
ilk
 W
 
Sk
ew
 (z
- s
co
re
) 
K
ur
to
sis
 (z
- s
co
re
)  
K
ol
m
og
or
ov
-  
Sm
irn
ov
 D
 
Sh
ap
iro
-W
ilk
 W
 
Sk
ew
 (z
-s
co
re
) 
K
ur
to
sis
 (z
-s
co
re
) 
K
ol
m
og
or
ov
- 
Sm
irn
ov
 D
 
Sh
ap
iro
-W
ilk
 W
 
Symptom 
Management 
Behaviour (n = 
573) 23.37 48.42 .49*** .39*** 8.14 9.35 .44*** .54*** 18.36 32.62 .49*** .37*** 22.71 74.58 .51*** .31*** 
Treatment 
Cessation 
Behaviour (n = 
573) 13.37 9.78 .47*** .51*** 6.68 4.88 .42*** .57*** 12.50 12.34 .47*** .48*** 14.53 22.91 .49*** .38*** 
Knowledge (n = 
566) -3.00 -0.50 .23*** .89*** -1.81 0.08 .19*** .86*** -3.68 0.31 .21*** .87*** -4.63 2.40 .28*** .79*** 
Responsibility for 
Causing ABR (n 
= 545)                 
Healthcare 
Professionals -5.33 3.31 .19*** .93*** -4.90 6.25 .16*** .87*** -2.00 -1.02 .13*** .94*** -3.63 3.25 .14*** .94*** 
Public/ 
Patients -6.56 7.13 .15*** .92*** -4.33 3.10 .21*** .87*** -6.51 8.85 .17*** .88*** -7.29 11.63 .19*** .86*** 
Vets 0.36 -0.98 .12*** .97*** -2.27 0.79 .17*** .95* -1.12 -0.67 .13*** .97** -1.30 0.37 .14*** .97** 
 388 
Animal Owners -4.77 1.33 .16*** .94*** -5.37 5.29 .22*** .84*** -5.07 4.96 .15*** .91*** -5.11 4.95 .17*** .90*** 
Responsibility for 
Preventing ABR 
(n = 543)                 
Healthcare 
Professionals -10.25 13.37 .16*** .85*** -3.96 2.26 .21*** .84*** -4.00 0.62 .17*** .90*** -6.70 10.00 .16*** .84*** 
Public/ 
Patients -9.67 10.08 .20*** .85*** -3.78 1.16 .21*** .84*** -3.89 -0.49 .20*** .88*** -6.61 7.55 .19*** .85*** 
Vets -8.92 11.03 .17*** .88*** -3.18 1.82 .15** .91*** -2.81 -0.62 .16*** .93*** -5.32 5.57 .17*** .89*** 
Animal Owners -13.19 19.26 .23*** .76*** -4.91 3.23 .23*** .78*** -9.84 12.71 .27*** .72*** -6.81 6.85 .22*** .81*** 
Note. * p is significant at < .05; ** p is significant at < .01; *** p is significant at < .001. 
 
 
Table A-AF2 
Normality Checks for Behaviour, Knowledge, and Beliefs by Year Group for University of Surrey Cohort 
 University of Surrey Year of Study 
 
First 
(n = 96) 
Second 
(n = 62) 
Third 
(n = 60) 
Fourth 
(n = 53) 
Measure S
ke
w
 (z
-s
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) 
K
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)  
K
ol
m
og
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) 
K
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- 
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- W
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 W
 
Sk
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 (z
-s
co
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) 
K
ur
to
sis
 (z
-s
co
re
)  
K
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m
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-  
Sm
irn
ov
 D
 
Sh
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iro
- W
ilk
 W
 
Symptom 
Management 
Behaviour (n = 
271) 12.96 19.77 .51*** .38*** 13.00 26.18 .48*** .35*** 8.97 12.56 .51*** .41*** 17.81 89.47 .51*** .24*** 
Treatment 
Cessation 8.21 5.88 .46*** .53*** 11.32 19.11 .49*** .38*** 8.97 11.43 .47*** .45*** 13.54 31.59 .51*** .30*** 
 389 
Behaviour (n = 
271) 
Knowledge (n = 
267) -2.48 -0.21 .19*** .89*** -2.47 0.48 .23*** .85*** -3.87 3.71 .26*** .80*** -2.84 -0.39 .33*** .75*** 
Responsibility for 
Causing ABR (n 
= 253)                 
Healthcare 
Professionals -2.47 0.20 .13** .92*** -0.21 -1.51 .14* .95* -3.80 3.78 .19*** .90*** -0.74 -0.10 .12 .95* 
Public/ 
Patients -5.60 7.60 .18*** .86*** -2.33 0.81 .15** .92** -6.42 10.69 .20*** .83*** -2.81 2.31 .19*** .91*** 
Vets -1.84 -0.01 .15*** .96** 0.89 -1.28 .19*** .93** -0.38 0.10 .13* .97 -1.55 0.76 .15** .95* 
Animal Owners -4.16 3.52 .16*** .90*** -1.10 -1.01 .15** .94** -4.75 6.15 .18*** .88*** -2.31 0.29 .16** .93** 
Responsibility for 
Preventing ABR 
(n = 251)                 
Healthcare 
Professionals -2.35 -1.17 .18*** .90*** -3.41 2.12 .17*** .88*** -1.68 -0.94 .15** .91*** -6.05 9.29 .20*** .78*** 
Public/ 
Patients -3.80 0.70 .20*** .86*** -1.71 -1.12 .19*** .91*** -2.28 -0.43 .17*** .90*** -5.79 7.15 .24*** .80*** 
Vets -1.97 -0.98 .17*** .93*** -2.16 0.38 .13* .93** -2.34 0.005 .17*** .90*** -5.10 7.48 .17*** .85*** 
Animal Owners -6.53 4.83 .29*** .73*** -6.73 9.92 .26*** .72*** -3.71 1.29 .23*** .83*** -4.85 4.71 .21*** .81*** 
Note. * p is significant at < .05; ** p is significant at < .01; *** p is significant at < .001. 
 
